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ABSTRACT 


Numerous Middle Pennsylvanian specimens of Botryopteris forensis 
and Botryopterts tridentata from the West Mineral, Kansas and What 
Cheer, Iowa localities provide the basis for an examination of the 


vegetative features of B. forensts and B. tridentata and the reproduct- 


ive features of B. forensts. The structure and anatomy of the plantlets 


(stems), petioles, roots and foliage of both species are elaborated. 
The fertile frond (fructification) of B. forensis is studied to deter- 
mine its branching patterns and possible developmental sequence. The 
spores are studied to determine the variability in spore exine 
ornamentation and to relate that information in the evaluation of the 
criteria used to distinguish one fructification species, B. forensis, 
from the other, B. globosa. Implications of affinities hetween the 
Botryopteridaceae and extant ferns are discussed. Reconstructions of 


B. forensts and its fructification are also provided. 
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INTRODUCTION 


Botryopterits (Renault, 1875) is one of the more common coenopterid 
ferns encountered in Upper Carboniferous coal balls. Such notable 
paleobotanists as Renault (1875), Long (1943), Mamay and Andrews (1950), 
Surange (1952), Delevoryas and Morgan (1954), Corsin (1956), Murdy and 
Andrews (1957), Holden (1962), Phillips (1961, 1970, 1974), and Galtier 
(1967, 1969, 1971) have contributed greatly to our present understanding 
of the genus. 

Botryopteris has a lengthy geological history extending from the 
Calciferous Sandstone Series, Lower Carboniferous of Scotland, to the 
Lower Permian of Germany. Botryopterts is known from North American 
horizons ranging from the Upper, Lower Pennsylvanian (Wesphalian B) to 
the Upper Pennsylvanian (Middle Stephanian). 

Coal balls collected from Middle Pennsylvanian sediments near 
West Mineral, Kansas and What Cheer, Iowa have yielded vegetative 
Organs assignable to B. forensts and B. tridentata as well as fertile 
organs (pinnae) )assignable to B..forensts. 

Vegetative organs were compared for the purpose of evaluating 
established criteria distinguishing between B. forensts and B. 
tridentata. Fertile pinnae were studied to reveal their branching 
patterns and possible developmental sequences, while the investigation 
of the spores provided information regarding the variability of spore 
ornamentation. This thesis relates new information obtained to our 
understanding of nomenclature for certain species of Botryopteris, 
relationships of the genus to other coenopterid ferns and to extant 
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ferns as well. 


The History of the Genus Botryopteris and its Relationship to the Order 


Coenopteridales 


The genus Botryopterts was established by Renault (1875). It was 
based on silicified plant parts including isolated petioles, stems with 
attached petioles, and a fertile frond, all of which were found in 
Middle Stephanian sediments (Upper Carboniferous) at Grand Croix, near 
St. Etienne, France. The character that united the above isolated plant 
parts and which unites all members of this genus, is the omega-shaped 
to trident-shaped strand found in the petioles. 

Renault (1875) mentioned that Grand ‘Eury had found, at Autun and 
St. Etienne, some isolated fragments of petioles and named them 
Rachtopterts forensts. The form genus Rachtopteris was earlier 
proposed by Williamson (1874) to include little understood fragments 
of supposed ferns. The name has its origin from Corda's (1845) vaguely 
defined family Rachiopterideae. 

Corda included in the Rachiopterideae isolated fern petioles that 
were hairy or naked and herbaceous or arborescent. They were grooved 
on the upper surface and rounded on the lower. The cortex was thick 
and cellular, while the pith was parenchymatous. The vascular bundle 
was either 1) single, moon-shaped or boot-shaped, inflexed or 
reflexed, or 2) doubled or tripled. One can conclude, as Williamson 
(1874) did, that this family was vaguely defined; thus, he rejected the 
family and proposed in its place the form genus Rachtopterts. 


Renault (1874) described the attachment of R. forensts to a stem. 
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He then changed the name from R. forensts to Botryopteris forensis. 
Therefore, the first fossil species of the genus Botryopteris was B. 
forensts. Posthumus (1928) states that the name Botryopteris was 
applied by Pres] (1825, 1848) to a species of the extant Ophioglossaceae. 
As recorded by Phillips (1961), those extant species assigned to the 
genus Botryopterts have since been placed in Helminthostachys zelantca 
by Christensen (1906). In TAXON (24: 69), under the heading "Report of 
the Committee for Fossil Plants", there appears a recommendation for the 
conservation of Botryopterts Renault. 

Two other species of Botryopterts were described by Renault (1875). 
One was named B. augustodunensis, which Posthumus (1926) later 
transferred to B. forensts. Corsin (1937) believed that B. augustodun- 
ensts was a secondary petiole of B. forensts. The second species, 
Botryopterts dubis, based on isolated sporangia, was later transferred 
by Renault (1896) to the genus Zygopteris. 

Williamson (1878) characterized a fern stem with attached petioles, 
which he called Rachtopteris cylindrica, from the Halifax Coal (Lower 
Carboniferous, Westphalian A) of Great Britain. Later, Gordon (1910) 
and Seward (1910) referred to this species as Botryopterts cylindrica. 
Bancroft (1915) retained the noncommittal generic name Rachiopterts, 
because the reasons given by others for transferring Williamson's 
species to the genus Botryopteris were unsubstantiated according to 
Bancroft's interpretation. Bancroft (1915) also divided Rachtopteris 
cylindrica into two morphological types. One she called Rachtopteris 
cylindrica (type a), the other she cailed Rachtopterts cylindrica (type 
b). The latter, she thought to be the aquatic form of Rachtopteris 


cylindrica. Holden (1960) was of the opinion that the two types of 
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R. cyltndrica were in reality two distinct species. AS a result, he 
renamed R. cylindrica (type a) as Psalixochlaena cylindrica and R. 
cylindrica (type 8) as Rhabdoxylon dicotomun. | 

Grand 'Eury (1877) described two particular types of fern 
compression fossils from the Stephanian, near St. Etienne. He named 
the one Sehtzopteris ptnnata, a sterile frond, and the other Scehizo- 
stachys frondosa, a fertile frond. Later, Grand'Eury (1890) included 
S. frondosa in the genus Botryopteris, while Zeiller and Renault (1888) 
included both species under the name Zygopterts pinnata. Scott (1900, 
1909, and 1920) apparently agreed with Zeiller and Renault as to the 
inclusion of S. frondosa and S. pinnata in the genus Zygopterts. 

The Halifax Coal (Westphalian A, Lower Carboniferous) of Great 
Britain yielded Rachtopteris robusta, described by Williamson (1880). 
He illustrated R. robusta with a single cross section; therefore, the 
nature of the axis and of its possible affinities are quite uncertain. 
Nevertheless, Hirmer (1928) transferred R. robusta to the genus 
Botryopterts. 

Williamson played an intermittant role in the history of the genus 
Botryopteris, describing Rachtopterts hirsuta in 1888 and Rachiopteris 
ramosa in 1891, both from the Westphalian A of Great Britain. 
Williamson (1891) stated that R. ranosa 

" ..May prove to be merely a more fully developed 
and less hirsute form of Rachtopterts hirsuta 
described in Memoir, Part XV., in which case it 
may stand as R. hirsuta, var. ramosa." 
This statement of Williamson's probably had some influence on Scott's 


opinion as to the validity of these last two species of Rachtopteris. 


Scott (1898) transferred Rachtopteris hirsuta Williamson and 
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Rachtopterts tridentata Felix (1886) to the genus Botryopteris. He 
wrongly credited Williamson with naming Rachiopteris tridentata and 
made no mention of Rachiopteris ramosa. Scott (1900) in his STUDIES 
IN FOSSIL BOTANY, comments on the two English species of Botryopterts 
(B. ramosa and B. hirsuta) by stating that "These two forms are very 
Similar, and perhaps not really distinct.". Scott (1900) again gives 
credit to Williamson for naming R. tridentata and states that Botry- 
opterts tridentata is the petiole of Botryopterts hirsuta. He concludes 
(1909, 1920) in later editions of STUDIES IN FOSSIL BOTANY that these 
two forms are very similar and not always easy to tell apart. Scott 
also gives Felix (1886) credit for the name &. tridentata, but he still 
insists that B. trtdentata is the isolated petiole of B. hirsuta. 

Felix (1886) described a petiole with an attached siphonostelic 
plantlet, and although he did not recognize the plantlet as such, he 
named the specimen Rachtopteris tridentata. Phillips (1970) verified 
the distinct identity of B. tridentata and suggested that B. tridentata 
came from the Katharina horizon, which is designated as the boundary 
between Westphalian A and Westphalian B. 

From the beds of the Autun Series, a permineralized fossil plant 
was found and named Gramnatopteris rigollotti by Renault (1891). 4G. 
rigollottt also has been referred to aS Botryopteris rigollottt by 
Renault (1896), Bower (1908), and Tubicaults rigollotti by P. Bertrand 
(1908). However, Bertrand (1909), Seward (1910), Scott (1920), Sahni 
(1932), Andrews (1961), Eggert (1964), and Miller (1974) continue to 
use the original name, Grammatopteris rigollottt. 

The geologically oldest species of Botryopteris, B. antiqua, was 


described by Kidston (1908) from specimens found in the Calciferous 
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Sandstone Series (Culm), from Pettycur, near Burntisland, Scotland. 

In 1910, Pelourde described a French specimen of B. antiqua from the 
Lower Carboniferous strata of Esnost near Autun. Kidston (1908) notes 
that: 

"Botryopteris antiqua is a typical member of the genus, 
though perhaps its smallest species, and is easily 
distinguished by its minute size and the protoxylem 
elements of the leaf-trace being evenly distributed 
and not forming prominent teeth as in the other known 
Species. The tracheae of the stem are scalariform, 
not porose." 

He also observes the tendency for the petiole trace to become simpler 
in form as one traces it back into geological time. 

Associated sporangia from the Lower Carboniferous of Scotland 
were first attributed by Scott (1910) to the species of B. antiqua. 
Pelourde (1910) found similar sporangia from the Lower Carboniferous 
(Culm) of France and noted their resemblance to sporangia described by 
Kidston. Galtier (1967) writes that the sporangia described by 
Renault (1896) under the names of Hymenophyllites and Todeopsis, as 
well as those figured by Pelourde (1910), should be attributed to 
Botryopteris antiqua from France. Holden (1962) and Phillips (1970) 
questioned whether the Scottish B. anttqua is identical to the French 
B. anttqua. The petioles from Burntisland, mentioned by Holden, are 
oval in transverse section, while those from Autun show a well marked 
adaxial groove. Phillips (1970) observes that foliar members from 
French localities are larger than any foliar members of B. anttqua 
from Scotland. Others who have described or figured associated 
sporangia assignable to B. antiqua are Surange (1952) and Corsin (1937). 


Surange's material came from the Lower Carboniferous of Scotland, 


while Corsin's came from the Lower Carboniferous of France. 
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In 1877 Grand'Eury described and figured a single specimen of 
Rachiopteris forensis, Later, Bertrand and Corneille (1910) erected a 
new species called Botryopteris renaulti. The species was characterized 
by the mode of petiole trace formation and, as can be seen in a petiole 
cross section, by the separation of the rounded or oval median arm 
from the rest of the arc-shaped vascular bundle. Corsin (1937) trans- 
ferred Brand'Eury's (1877) Rachtopteris forensis to B. renaultt. 

Adding to the number of species of Botryopterts, Leclercq (1927) 
described a new species B. fraipontt from Belgium Westphalian A coal 
balls. Darrah (1941), from material of the Des Moines Series, Middle 
Pennsylvanian of Kansas, characterized Botryopterts radiata. Later, 
Fry (1954) transferred both species, B. fratponti and B. radiata, to 
his new lycopod genus Paurodendron. It was clear to Fry that 
Paurodendron was not a fern. 

Material from the Bouxharmont stratum, an age equivalent of the 
Halifax Coal of Great Britain, provided the specimen which Kraentzel 
(1933) named Botryopteris muctlaginosa. This species possesses 
diagnostic stem cortex and petiole bundles. 

C. Bertrand and Cornaille (1910) presented a detailed hypothesis 
explaining the sequence of changes necessary to produce a lateral trace 
in Botryopteris forensts. This scheme was later adopted by P. Bertrand 
(1913), Corsin (1937), and Darrah (1941). 

Graham (1935) described Botryopteris americana in coal-balls from 
the McLeansboro Group of Illinois (uppermost Carboniferous). Graham 
(1935) explained that vascular bundles in the petioles of 3. amertcana 
produced lateral traces in a manner different from that hypothesized 


by Bertrand and Cornaille (1910) for B. forensis. Delevoryas and Morgan 
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(1954) raised the point that since Bertrand's scheme (1913) was 
hypothetical, Graham's use of this Danan for species distinction 
had no validity. Graham (1935) also differentiated B. americana from 
B. forensts on the basis that the former does not have intraxylary 
sclerenchyma or gum canals in the cortex, while the latter does. 
Delevoryas and Morgan (1954) further suggested that variable 
characters, such as intraxylary sclerenchyma or gum canals, should not 
be used to distinguish B. amertcana from B. forensts. As a result, they 
came to the conclusion that there was no sound basis for distinguishing 
between these two species. Associated sterile and fertile sporangia, 
Similar to those described by Graham (1935), were noted by Delevoryas 
and Morgan (1954). 

Several fertile specimens were described by Darrah (1939) from 
the Des Moines Series, Middle Pennsylvanian of Iowa. He called these 
Botryopterts globosa. Darrah distinguished between this and the 
fructification of Botryopterts forensts because of the smaller spore 
size of B. globosa. 

Fertile and sterile organs were first found attached by Phillips 
(1966) when he ascertained that, 

" ...three previously established American species, 

Botryopterts trisecta, B. globosa, and B. amertcana, 

are parts of a single species which has, in turn, been 

referred to Botryopterts forensts." 

Phillips (1970), after reexamining material described by Graham 
(1935), Darrah (1939), Delevoryas and Morgan (1954), Mamay (1950) and 
Murdy and Andrews (1957), and studying new material from Illinois, 


Kansas, and Iowa, came to the conclusion that there were two species 


of Botryopteris fructifications. The two species differ in the 
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character of spore ornamentation. He designated one B. amerteana 
Graham which possesses spores with a predominately verrucate pattern; 
the other, B. globosa, which possesses spores with a predominately 
rugulate pattern. Reexamining the Renault type material, Galtier 
(1971) came to the conclusion that the spore ornamentation One: 
forensis and B. amertcana was identical. According to Phillips (1974), 
Galtier's study of the type material of B. forensts allows the 
identification of the same species in America, but described under the 
names of B. amertcana, B. trtsecta, and in part specimens assigned to 
B. globosa. 

In an extensive study of the Coenopteridales, Corsin (1937) 
established a new species of Botryopterts, which he called B. minor. 
Snigirevskaya (1962) as translated by Phillips (1964), hints that 
B. minor may be a small branch of B. forensts. Snigirevskaya writes, 

"This author [Corsin] brought in the new species of B. minor 
which, however, was represented only by a trivial 

branches of the type of B. forensis." 

Surange (1954) characterized Botryopterts elliptica and separated 
it from B. hirsuta and B. ramosa by supposed differences in petiolar 
Structure. In his monograph on the European species of Botryopteris, 
Phillips (1970) suggested that B. elliptica should be regarded as a 
synonym of B. hirsuta. 

In 1950 Mamay and Andrews described B. trisecta, now known to be 
the main rhizome of B. forensis. Because Phillips (1966) had found 
Organic connections between B. forensis and B. trisecta, and because 
B. forensis has priority, then B. trisecta should be placed in 
synomony. 


The next three species of Botryopteris were sporangia species and 
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were described by Mamay (1950). 8B. fecunda, B. illinoensis, and B. 
sptnosa were diagnosed by sporangial dimensions, spore sizes, spore 
morphology, and spore ornamentation. Holden (1962) noted the 
similarity between the spores of B. tZltnoensts and the spores of B. 
antiqua. 

Based on the foregoing summary of the genus Botryopteris it is 
possible to present the following chronological list of valid species 
of the genus: 

1. Botryopteris forensts Renault (1875) 

2. Botryopteris hirsuta (Williamson) Scott (1898) 

Botryopteris tridentata (Felix) Scott (1898) 


3 
4. Botryopteris ramosa (Williamson) Scott (1900) 


on 
° 


Botryopterts anttqua Kidston (1908) 

6. Botryopteris renaulti Bertrand and Cornaille (1910) 
7. Botryopteris muctlaginosa Kraentzel (1933) 

8. Botryopteris globosa Darrah (1939) 

9. Botryopterts illinoensts Mamay (1950) 

0. Botryopteris fecunda Mamay (1950) 

11. Botryopterts spinosa Mamay (1950) 

This thesis deals with vegetative structures of B. tridentata and 
B. forensts and reproductive structures of B. forensts. 

The description and classification of Paleozoic ferns have long 
captured the attention of paleobotanists, who have grouped them under 
various comprehensive names such as Botryopterideae Renault (1875), 
Inversicatenales Bertrand and Cornaille (1904), Primofilices Arber 
(1906), Coenopterideae Seward (1910) and Paleopteridales Bertrand 


(1933). 
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For each of the names of the groups listed above there has been at 
least one system of classification developed. Such schemes of class- 
ification have been porposed by Renault (1875), Scott (1900, 1908, 
1920), Bertrand (1912, 1933, 1941), Seward (1910), Posthumus (1926), 
Delevoryas and Morgan (1954), Eggert (1964), Emberger (1968), Andrews 
and Boureau (1970), and Phillips (1974). 

The classification used here is that of Delevoryas and Morgan 
(1954), who divide the Coenopteridales into four distinct families, 
Anachoropteridaceae, Botryopteridaceae, Stauropteridaceae, and 
Zygopteridaceae. The basic elements of this have been adopted by 
Eggert (1964), Andrews and Boureau (1970), and Phillips (1974). 
Delevoryas and Morgan (1954), Eggert (1964), and Phillips (1974) agree 
that Botryopterts is best placed in a monotypic family, Botryopterida- 
ceae. At first authors such as Scott (1900, 1908, 1920), Delevoryas 
and Morgan (1954), Eggert (1964) considered the Coenopteridales too 
Specialized to have been the ancestors of modern ferns. Later 
Phillips (1965, 1974), Eggert and Taylor (1966), Eggert and Delevoryas 
(1967) however, considered some Coenopteridales as true ferns or 
possible paleophytic representatives of later groups. 

This later interpretation, indicating possible relationships 
between coenopterids and true ferns is based, in part, on studies of 
sporangial characteristics. It reveals an important change in the 
thinking of paleobotanists about interrelationships among the extinct 
and extant Pteridophyta. Obviously, any speculation of phylogenetic 
relationships has to be based on every bit of available information; 
therefore, it is indeed encouraging to see an increasing amount of 


new information being presented concerning this group of plants. 
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UZ. 
Collecting Localities and Stratigraphy 


The material investigated in this study was collected at two 
coal ball (carbonate petrifation) localities, one near West Mineral, 
Kansas and the other near What Cheer, Iowa. West Mineral coal balls, 
Middle Pennsylvanian in age, occur in the Fleming or Westmineral coal, 
Cabaniss Subgroup, Cherokee Group, Desmoinesian Series. What Cheer 
coal balls are also Middle Pennsylvanian in age and also occur in the 


Cherokee Group of the Desmoinesian Series. 
Directory of Specimens 


Each specimen has been arbitrarily assigned a letter to facilitate 
ease in referring to the specimens in this study. With one exception, 
all specimens are from the West Mineral, Kansas locality and are in 
the paleobotanical collection of the University of Alberta. The 
exception is coal ball #A240 which is from the What Cheer, Iowa 
locality. The coal ball number for each specimen follows: 
Potryopterts forensts 

Specimen A- Coal ball 38-a 

Specimen B- Coal ball 38-b 

Specimen C- Coal ball 38-f-g 

Specimen D- Coal ball 265 

Specimen E- Coal ball 328 

Specimen F- Coal ball 328 

Specimen G- Coal ball 328 

Specimen H- Coal ball 328 

Specimen I- Coal ball 335 
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Specimen J- Coal ball 467 
Specimen K- Coal ball 552 
Specimen L- Coal ball 552 
Specimen M- Coal ball 552 
Specimen N- Coal ball 577 
Botryopterts trtdentata 
Specimen A- Coal ball 240 
Specimen B- Coal ball 265 
Specimen C- Coal ball 265 
Specimen D- Coal ball 265 
Specimen E- Coal ball 265 
Specimen F- Coal ball 303 
Specimen G- Coal ball 311 
Specimen H- Coal ball 328 
Specimen I- Coal ball 380 
Specimen J- Coal ball 552 
Specimen K- Coal ball 575 
Specimen L- Coal ball 577 


Techniques 


Standard paleobotanical procedures as outlined by Stewart and 
Taylor (1965) were followed in preparation of serial peels and slides. 
Spore samples were obtained and prepared according to procedures 
employed by Taylor and Eggert (1969), Zimmerman and Taylor (1970), and 
Phillips and Rosso (1970). After locating Botryopterts sporangia and 
spores in the coal ball specimen, the spore-containing area was 


surrounded by a low wall of paraffin, which restricted the action of 
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14. 
the dilute hydrochloric acid (2%) used to release the spores from the 
rock matrix. The spores were then washed in distilled water, 
dehydrated by alcohol (50%, 70%, 90%), and stored in 90% alcohol. 
Portions of the spores sampled were mounted in Harleco Synthetic Resin 
for light microscopic examination. Other portions were spread on 
Specimen stubs while in suspension, and allowed to dry. These stubs 
were then prepared for examination with the scanning electron microscope 
(SEM). An additional spore extraction technique utilized gummed tape, 
which was applied to the dry, deeply etched coal ball surface where 
the spores could be extracted after the initial sampling (see above). 
The gummed tape was then pulled from the surface bringing with it the 
desired spores. This tape was subsequently cut to fit an SEM stub, 


which was further prepared for observation. 
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DESCRIPTION OF MATERIAL 


General Features 


Of the several known species of Botryopterts, I have considered 
only two in detail in this Study. They are B. forensis and B. 
tridentata. Anatomically and morphologically, B. forensts is the most 
completely known species. The-parts of B. forensts that have been 
identified and described are rhizomes, petioles, roots, plantlets, 
foliage, and the fertile pinnae. Although B. tridentata is not as 
completely known, the anatomy and morphology of its petioles, plantlets, 


roots and foliage have been described. 
Botryopterts forensis 


B. forensts has a stratigraphic range extending from the Des 
Moines Series, Middle Pennsylvanian (middle Westphalian C) of the 
U.S.A. to-possibly the Lower Permian of Germany. The best description 
of the form and growth habit of B. forensts is presented by Phillips 
(1974). He describes the plant as follows: 

"The habit in the B. htrsuta line (based on B. antiqua 

B. forensis) is a prostrate rhizome with a semi-erect 
apex, as in Osmunda, with fronds spaced less closely 
than in Tubteaults." 

He also states that: 

"In B. forensts (B. trisecta of Mamay and Andrews, 1950; 
Phillips, 1961, 1966) the occurrence of lateral stems on 
petiolar bases results in a dense "false stem" composed 
of hundreds of foliar members, their division and parent 


stems around the main rhizome and its fronds. This 
aggregation is up to 15 cm across." 
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In a coal ball from the Berryville locality (late Pennsylvanian) 
containing a preponderance of B. erate: Phillips (1961) was able to 
follow its rhizome for a length of 12 cm. The maximum diameter of the 
rhizome in this specimen is 1.0 cm, while the diameter of the largest 
petiole is 7.0 mm. Corsin (1937) figures a B. forensis with a diameter 
of 8.0 mm. From the desceiations provided by Phillips and others one 
can visualize B. forensts as an extremely bushy fern that may have 
attained a height up to 50 cm (see reconstruction, text figure 1). 

The Rhizome. In his 1961 account of B. forensts Phillips gives a 
detailed account of the way in which stems and foliar members (petioles) 
branch. The best description of the internal structure is found in the 
work of Mamay and Andrews (1950). Starting at the surface of a rhizome 
they depict the epidermis as consisting of a single layer of thin-walled 
cells. These are nearly isodiametric and measure 35 um to 50 um. The 
epidermis possesses widely separated, unbranched, multicellular hairs. 
At their bases, the hairs have an average diameter of about 75 um and 
arise from a group of several epidermal cells. They are truncated 
structures with an average length of 900 um. Stomata were not observed 
among the epidermal cells. 

The outer cortex consists of thin-walled cells which are elongated 
in the direction parallel to the stem axis. The cells are irregularly 
angular in cross section and range in diameter from 45 um to 90 um. 

The cells of the outer cortex are smaller toward the periphery of the 
stem, and toward the center. In longitudinal section, Mamay and 
Andrews describe the outer cortical cells as having oblique end walls 
and lengths from 200 um to 300 um. 


The next zone to the inside is quite variable in structure and 
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Text Fig. 1. Reconstruction of Botryopterts forensts showing the 
creeping habit of the rhizome and the attachment of 


petioles, foliage, plantlets, roots and fructifications. 
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19, 
there is a corresponding lack of uniformity in its designation. Mamay 
and Andrews call it the "sclerotic-secretaory tissue"; Phillips (1970) 
describes it as middle cortex. He reports the presence of a well- 
defined band of secretory-like cells in the middle cortex of the type 
specimen of B. forensts. This band as measured by Mamay and Andrews 
is 1.0 mm thick. Other specimens of B. forensts lack the secretory- 
like cells in any part of the cortex. When present these cells have 
diameters ranging from 50 um to 70 um and lengths up to 300 um. 

They also contain dark contents and are of the same shape 

and orientation as those cells of the outer cortex. Because of 
variation in position of the cells in the cortex and because of their 
Similarity in size and shape to cells of the outer cortex, I think it 
best to regard this sclerotic-secretory zone as part of the outer 
cortex. 

Although they are somewhat smaller, the cells of the inner cortex 
are the same shape and have the same orientation as those of the outer 
cortex. Inner cortex cells have diameters of approximately 30 um and 
lengths of 150 um to 200 pm. Phillips describes the inner cortex 
as composed of small parenchyma cells and scattered cells containing 
dark materials. 

According to Mamay and Andrews, tissues between the inner cortex 
and the xylem of the vascular strand are too poorly preserved to allow 
their description. When seen in cross-section the xylem of the 
rhizome has the appearance of a terete protostele. They were unable to 
distinguish protoxylem strands but concluded that B. trtsecta was 
exarch. In another stem showing the initiation of petiole trace 


formation, Phillips (1961) was able to observe decurrent protoxylem 
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20, 
Strands which are mesarch. The pitting on the metaxylem tracheids, 
according to Mamay and Andrews, varies with the diameters of the 
tracheids: large metaxylem tracheids have multiseriate-reticulate 
pitting and those with small diameters have annular thickenings. 

The rhizome produces primary petioles in a 1/3 phyllotaxy. At the 
base of each primary petiole occur one or two lateral shoots, usually 
called plantlets, which served a probable function of vegetative 
reproduction (Phillips, 1974). Petiole trace formation from the main 
Stem or rhizome occurs in the manner described by Phillips (1961): 

"Indications of foliar trace formation from primary cauline 

axes are the enlargement and elongation of xylem in the 

direction of emission and the simultaneous appearance of a 

pair of sub-marginal groups of protoxylem. The protoxylem 

subsequently occurs higher both outward toward each margin and 

inward toward the center. The foliar trace separates as a 

solid ellipsoid of xylem. The xylem segment supplied to the 

trace may be either larger or smaller than the remaining 

cauline xylem." 

Leaves. 

Foliar members (petioles) -- Phillips (1961) uses the term 
foliar member or structure for what Renault (1875) originally called 
a petiole. According to Phillips B. forensts foliar members have a 
bilaterally symmetrical xylem strand, omegoid in cross section, and do 
not bear adventitious roots. The term petiole will be used here mainly 
for convenience. Isolated petioles range in diameter from 2.1 mm 
(Phillips, 1961) to 8.0 mm (Corsin, 1937). As a result of the work of 
Delevoryas and Morgan (1954) and Phillips (1961) three orders of 
branching are known for petioles. The shape of the vascular bundle of 
the petiole ranges from trident-shaped to omega-shaped. 


The first detailed histological descrption of a petiole was 


provided by Renault (1875). He recognized two zones in the cortex, a 
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21. 
fibrous outer zone consisting of cells with oblique end walls and an 
inner zone of cells with transverse end walls and sparsely scattered 
gum canals (Figs. 3, 5). Unfortunately, Renault did not name the 
tissue layer immediately to the inside of the cortex. If he had, it 
may have prevented later confusion in differentiating between a zoned 
cortex and two distinct cortical layers. The unnamed tissue (probably 
an inner cortex) layer is composed of small, thin-walled cells, in 
which gum canals occasionally occur. Located between the unnamed 
layer and the vascular bundle is a layer of elongated, fibrous cells. 
The omega-shaped vascular bundle (Fig. 1) contains metaxylem with 
pitted walls. Petiole metaxylem pitting has been described by Mamay 
and Andrews (1950) as multiseriate-reticulate and by Delevoryas and 
Morgan (1954) as multiseriate-curcular bordered (Figs. 4, 6). The 
latter also described the pitting of the protoxylem, which is located 
at the tip of the omega-shaped vascular strand, as annular, spiral and 
scalariform. In a later publication, Renault (1896) illustrated a 
petiole with an epidermis covered with "equisetiform hairs" which 
correspond to the uniseriate, multicellular hairs described by Corsin 
(1937), Mamay and Andrews (1950), Delevoryas and Morgan (1954), and 
Phillips (1961). 3 

As observed by Phillips (1961), the manner in which the ellipsoid 
foliar xylem strand of the primary petiole becomes trident or omega- 
shaped is as follows: 

"Usually the tridentate configuration occurs after the first 

lateral emission and slightly before or during the second. 

Where only one lateral trace is formed, the foliar xylem may 

assume a tridentate shape before the lateral trace completely 
departs. The manner in which the foliar xylem strand becomes 


omegoid in shape is somewhat variable. Ina specimen from 
Calhoun a non-tracheidal slit occurred within the xylem on the 
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side from which the first lateral trace departed; the non- 
tracheidal slit subsequently opened adaxially forming a 
narrow lateral arm. The other lateral arm was formed by a 
similar slit opening in the xylem before the lateral trace 
completely separated. The xylem strand may also appear 
tridentate at first and become omegoid by the abaxial exten- 
sion of non-tracheidal development. In summary, the tri- 
dentate to omegoid shape of the xylem strand occurs after 
lateral trace formation and slightly before or during 

trace emission." 


As the primary petiole trace proceeds upwards into the petiole it 
increases in diameter and becomes more typically omega-shaped. 

Two patterns of petiole to petiole trace formation occur in B. 
forensts. The first pattern described by Phillips (1961) involves the 
production of a single lateral trace, while in the second pattern, two 
closely spaced alternate traces arise. In the first type, Phillips 
explains that trace formation begins with a: 

",...Simultaneous outward crooking of the adaxial portion of a 
lateral arm and the increase and lateral extension of proto- 
xylem from the nearest protoxylem flange or the median arm. In 
early trace formation the crooked tip of the lateral arm comes 
in proximity to the protoxylem extended from the median arn; 
union of the two was not observed. 

The adaxial part of the lateral arm becomes progessively more 
C-shaped as the group of protoxylem extends abaxially and 
separates from the median arm. During the departure of the 
C-shaped trace the group of protoxylem derived from the median 
arm joins the shortened lateral arm which has slightly extended 
adaxially. Additional tracheids are formed along the lateral 
arm during and following departure of the trace. 

The xylem strand, therefore, regains almost immediately its 

characteristic omegoid shape with prominent protoxylem | 

groups. The adaxial portion of the lateral arm involved in 
trace formation ranges from about one-half to only the tip." 

The lateral trace is at first C-shaped, but it soon changes to a 
solid cylinder of tracheids, similar to the protostelic cauline 
structure or plantlet. The protoxylem groups are located on the adaxial 


face of the ellipsoid trace formed in this way. According to Phillips, 
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23. 
"nontracheidal islands" (nontracheary thin-walled tissue) develop 
inside the ellipsoid trace and extend adaxially to form the omegoid- 
shaped petiole bundle. 

The second pattern of trace formation, one of the two lateral 
traces is markedly smaller than the other. As mentioned by Phillips, 
the structure supplied by the smaller trace may be no more than a 
vascularized bulge in the cortex of the parent petiole. The larger 
trace departs extramarginally (a pinna trace derived from adaxial 
portion of the leaf trace, but below the adaxial tips or margins of the 
leaf trace) instead of the typical marginal trace departure. Phillips 
(1961) further writes that: 

" ...ethe curved tip assumes a more abaxial position along the 
lateral arm. The trace segment may or may not become indis- 
tinguishable from the rest of the lateral arm; in cases where 
the trace segment merges, the lateral arm becomes markedly 
enlarged. The main strand often regains its characteristic 
omegoid shape prior to trace departure, and the trace appears 
to have arisen from the side of the parent strand. The trace 
departs from the side of the lateral arm instead of the tip, i.e. 
extramarginal instead of marginal; nevertheless, the trace is 
marginal in formation. Foliar structures with extramarginal 
trace departure were supplied with traces of regular marginal 
Origin. These two methods of trace emission are joined by a 
series of intermediate forms and are not essentially distinct." 
The relationship of attached primary, secondary, and tertiary 

petioles was illustrated by Delevoryas and Morgan (1954) and Phillips 
(1961). The orientation of the secondary petiole with respect to the 
primary petiole is approximately 50 degrees. The tertiary petiole is 
oriented in the same plane as the secondary petiole; thus the branching 
reflects a transition from a three-dimensional pattern to a two- 
dimensional pattern. The penultimate pinna rachis (pinnule-bearing 


rachis) is arranged in one plane. 


In his description of croziers, Phillips notes the presence of 
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24, 
straight hairs, extending from the surface, that may reach lengths of 
1.8 mm. 

Plantlets have terete protosteles composed of tracheids and bear 
adventitious roots (Phillips, 1961). Traces of plantlets from petioles 
may originate as a single trace or one of two alternate traces. 
Phillips (1961) interpreted those plantlets which were supplied by a 
solitary trace as being borne in distal positions on petioles, while 
those plantlets which were supplied by one or two alternate traces 
or by a single trace near the base of a petiole strand as being in 
proximal positions. Traces to basal plantlets from primary petioles 
attached to the rhizome may occur singly or alternately (Phillips, 
1961). The distal plantlet trace originates from the petiole in the 
Same manner as the foliar trace already described for the first pattern 
(see page 20). The difference lies in the fact that the solid 
ellipsoid trace of the plantlet remains closed, becomes more terete, and 
increases rapidly in diameter. It does not become omegoid-shaped. 

In proximal trace formation the plantlet trace originates from a 
secondary petiole which itself originated from a petiole. It is then 
possible to see in a single cross-section the three different axes; 
that of the plantlet, the secondary petiole, and the primary petiole. 
Proximal plantlet trace formation of the single trace pattern proceeds 
in a manner described below by Phillips (1961): 

"The C-shaped foliar trace departs [the secondary foliar trace] 
from the parent foliar axis and closes to form a solid strand 

of tracheids. Two non-tracheidal islands develop in the solid 

strand to produce an omegoid shape. The island on the left 

occurred simultaneous with the adaxial opening of the xylem; 

the one on the right occurred first within the solid strand 

and then extended adaxially. As expansion of the adaxial 


portion of the lateral arm takes place, more than half of the 
arm separates as the cauline trace. The arm does not crook out 
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or become a C-shaped trace. Reconstitution of the lateral 

arm takes place rapidly by the adaxial addition of tracheids 

and by the extension of protoxylem from the nearest median 

ALi a at Jeg es 

Proximal plantlet or cauline trace formation of the alternate 
trace pattern is basically repeated as in the proximal, single trace 
pattern. The smaller of the two lateral traces may only supply a 
vascularized bulge on the parent petiole (Phillips, 1961). He further 
writes that: 

"The lateral arm nearest the main foliar axis [primary foliar 

member] becomes distinct and is perceptibly enlarged. Ina 

stage of incipient separation the cauline trace is connected 

both to the lateral arm and the median arm. The cauline 

trace undergoes rapid expansion in diameter upon departure, 

and the contributing lateral arm is rapidly reconstituted." 

Plantlets -- The first histological study of a Botryopteris 
plantlet was produced by Renault in 1875. He described a poorly 
preserved plantlet of B. forensts which lacks epidermis, roots and some 
internal tissues. The preserved portion of the outer cortex consists 
of slender fibrous cells, while the inner zone has elements which have 
the appearance of parenchyma cells. The stele is composed of large 
centrally located tracheids having reticulate thickenings and smaller 
peripheral tracheids showing scalariform pitting. His figures show the 
Omega-shaped vascular traces of two petioles still attached to the stem 
by their corticies. 

Mamay and Andrews (1950) described the branching sequences of 
several proximal secondary pinnae (basal plantlets). Specifically they 
write that: 

.the proximal pinna appears as a separate entity, its cortex 
pean been separated from that of the petiole; here the 


resemblance to a stem, except for a difference in size, is very 
striking. Its diameter is 5 mm., with a terete strand of 1 mm. 
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26. 

From the above statement, one can deduce that the histology of the 

basal plantlet is very similar to that of the main rhizome. The basal 
plantlet should then possess an epidermis, an outer cortex, a variable 
middie cortex, an inner cortex, an endodermis, a phloem zone, and a 
terete stem stele. From what one can determine after examining the 
figures prepared by Mamay and Andrews (1950) and Phillips (1960), this 
is indeed the case. The presence or absence of the middle cortex is 
recognized by Phillips (1970) as indicated by the following statement: 

"In B. trtsecta the distinct middle cortical zone occurs for 

some distance in attached petioles, appears in the stems 

upon the petioles and also in some large isolated foliar 

members. It is completely lacking in some specimens of each 

of these organs." 

A single specimen (557 G top) of a petiole plantlet was found and 
sectioned serially. The pattern of petiole to plantlet trace formation 
follows the manner described by Phillips (1961) for: proximal, single 
trace plantlet origin. The diameter of the plantlet trace as it 
separates from the parent foliar strand is .8 mm x .51 mm (Fig. 7). 

Approximately 6.0 mm higher the diameter of the plantlet strand has 
| increased to 1.14 mm (Fig. 8). 

This plantlet (specimen 577 G top) is approximately 1.34 cm in 
length and with a maximum diameter of 5 x 4 mm. The plantlet produces 
One petiole and abundant diarch roots, which arise endogenously and are 
usually not associated with the petiole. 

The cells of the epidermis of the stem are not distinct, from the 
cortical cells immediately below. Since the outer layer of cortex- 
like cells is invested with typical Botryopteris hairs, it is believed 


to be epidermal in nature. The size of the epidermal cells range from 


25.6 um to 57.6 um (radial) wide and 44.8 ym to 70.4 um (tangential) in 
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The outer cortex which lacks distinct zonation has cortical cells 
with diameters ranging from 32 um to 96 um, and with the small and 
large cells that are randomly intermixed. The inner cortex is not well 
preserved, though its former position represented by a space can be 
seen in Fig. 8. Although a well-preserved endodermis is not present in 
the specimen, the remains of a layer of cells, one cell thick, appears 
in the position of an endodermis. Only the brownish colored outer 
tangential walls of these cells are preserved (Fig. 10). Part of the 
phloem is preserved adjacent to the xylem of the stem. Here it is 
composed of cells which in some places appear to be radially aligned 
(Fig. 9). The phloem zone ranges from 64 um to 240 um thick with 
individual cells having diameters from 7.04 um to 32 um. 

The haplostele of the stem is entirely composed of tracheids with 
the largest tracheids in the center grading into smaller peripherally 
located tracheids (Fig. 9). The stem stele has the larger diameter 
tracheids in the central stelar region, while the smaller tracheids are 
located in the peripheral stelar region. Tracheid diameters range from 
12.8 um to 96 um. No persistent protoxylem groups were observed. 

The gross plantlet (proximal and distal) features were most 
completely clarified by Phillips (1961). He found plantlets attached 
to petioles ranging in diameter from 4.7 mm to 3.5 mm with stelar 
diameters ranging from 1.3 mm x 1.1 mm to 1.1 mm. The longest plantlet 
is 2.4 cm and bears five petioles in a 2/5 phyllotaxy. Foliar trace 
formation from the plantlet stele follows a sequence similar to foliar 
trace formation from the main rhizome. Phillips explains that: 


"In proceeding up the cauline structure indications of foliar 
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28. 
departure are the presence of two sub-marginal groups of 

decurrent protoxylem which coincide with the enlargement 

and elongation of the xylem in the direction of emission. 

On each side of the incipient trace is a group of protoxylem 

which subsequently appears outward toward each margin and 

inward toward the center." 

The foliar trace assumes an omega shape upon separation from the 
plantlet stele and may give rise to one or two lateral terete traces 
(alternate or opposite). 

Phillips (1961) has noted that basal plantlets produce petioles in 
a spiral with each subsequent petiole positioned 120 degrees from the 
preceeding petiole. This positioning of the petioles would suggest a 
phyllotaxy of either 2/5 or 1/3. The 2/5 phyllotaxy of the other plant- 
lets described by Phillips would also suggest that the phyllotaxy of 
the basal plantlet is also 2/5. Phillips (1961) writes that: 

"The first foliar member borne on the secondary cauline [basal 

plantlet] axis typically bears one lateral appendage proxim- 

ally; higher foliar members bear one or two lateral appendages. 

Subsequent divisions of lateral appendages have tridentate 

to terete xylem strands (the smallest); each order of division 

is oriented at a right angle to the preceding one where 

orientation can be determined. Although the secondary foliar 

Structures are non-laminate, they are anatomically all foliar. 

The branching of secondary foliar structures is strongly three 

dimensional, and each lateral segment consists of a relatively 

short and densely branched cluster of cylindrical branchlets." 

The position of the first petiole on the basal plantlet with 
respect to the main rhizome, as explained by Phillips (1970), is on the 
side of the plantlet stem away from the main rhizome. A lateral 
division of the petiole strand usually occurs just above the point of 
petiole trace departure from the plantlet stele. 

It is known that three dimensional branching occurs in fertile 
pinnae and plantlets of Botryopterts forensts (Phillips, 1974) and that 


there is a change in branching patterns, in foliar units, from three- 
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29 . 
dimensional to two-dimensional (Phillips, 1961). From these observa- 
tions one can conclude that in a plant of B. forensis there would exist 
both three-dimensional and two-dimensional branching patterns. The 
three-dimensional branching is assumed to represent the primitive state. 

The well-preserved plantlet specimen (577 G top) observed in this 
study shows a root trace arising from the margin of the stem stele 
(Figs. 14, 15). An indication that a root trace is arising here is the 
presence of tracheids with large diameters instead of those with small 
diameters, characteristic of the peripheral tracheids of a stem stele. 

At a higher level, illustrated by Fig. 16, the root trace is 
detached completely from the stem stele and is ee ees by its own 
cortex. For additional details concerning B. forensis roots, see the 
next section. 

The single petiole trace is initiated by an enlargement and elong- 
ation of a segment of the stem stele in the direction of emission (Fig. 
11). Notice also that this lateral petiole trace segment has started 
to separate from the side of the stem stele. 

The presence of two submarginal protoxylem groups, described by 
Phillips (1961) (see text page 26) was not observed in petiole trace 
formation in specimen 577 G top. The separation of the petiole trace 
proceeds from the exterior to the interior of the stem stele; as a 
result, the middle adaxial portion of the petiole trace is the last to 
detach from the stem stele (Fig. 12). At a higher level (Fig. 13) one 
petiole trace assumes a somewhat elliptical configuration and is 
completely detached from the stem stele. A "non-tracheidal island" (non- 
tracheary tissue) appears at one side of the trace. The low angle of 


trace departure and lack of preservation distally prevented further 
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study of the petiole trace in this specimen. 
Roots -- Roots of B. forensts were observed by Mamay and 
Andrews (1950) to arise from the stem (main rhizome), at the base of the 
petiolar segment (primary petiole), and the proximal secondary pinna 
(plantlet). Renault (1875) was the first to illustrate plantlet roots, 
although he did not give anatomical details. Descriptive details are 
restricted to the work of Mamay and Andrews (1950) who describe the 
roots as having an: 
" ....average about .9 mm in diameter and the cortical cells 
ranging up to 50 u in diameter, lack intercellular spaces 
and have rather thick walls. The xylem is diarch, consisting 
of about 20 tracheids, the larger central ones presenting 
multiseriate-reticulate pitting. 
In one interesting sequence paired roots have been seen 
departing at three successive nodes, the pairs departing 
from petiolar segments shortly before or after the segment 
is separated from the stele. In all other cases, however, 
roots seem to depart at random, and in only- one case has a 
root been noted to branch." 
The adventitious roots attached to the plantlet (specimen 577 G top) 
range in diameter from 542 um to 837 um. They depart in a random 
pattern and are usually not associated with petioles. In one case, 
however, a root was observed at the base of a petiole. The root 
epidermis is usually not preserved. Where the epidermal cells are 
preserved, they are smaller in cross-section than the immediately 
interior cortical cells. No root hairs were observed. Roots show no 
sign of cortical zonation so apparent in the cortex of petioles and 
rhizomes. A brown colored layer, one cell thick tentatively identified 
as the endodermis, because of its position, occurs just interior to the 


inner edge of the cortex. It completely encircles the diarch vascular 


strand. A space, presumably once occupied by phloem surrounds the 
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31. 
xylem of the root. The diarch strand of xylem consists of approximately 
14 to 25 tracheids. The tracheids have uniseriate scalariform to 
multiseriate-reticulate to multiseriate-scalariform to elliptical-bordered 
pitting and range in diameter from 6.4 um to 83.2 um. Roots lateral to 
the parent root arise endogenously. Where it can be determined, the 
orientation of tie vascular strand of the lateral roots is perpendi- 
cular to that of the parent root strand. 

Sterile foliage -- In 1896 Renault figured Botryopteris 
forensts pinnules, which were identified by their "equisetiform" hairs. 
Laminar pinnules attached to a penultimate pinna rachides having the 
anatomy of B. forensis were found by Delevoryas and Morgan (1954). 

A reconstruction of this portion of the plant appears in their paper, 
and is the first positive evidence that Botryopteris foliage had 
laminar, planted pinnules. Sphenopterts burgkensts, a Lower Permian 
compression fossil from Germany, was identified as Botryopteris sp. by 
Barthel (1970). In comparing petrified B. forensts pinnules (in para- 
dermal section) with those Botryopteris pinnules of Barthel's, I find 
some close similarities. These similarities are the angle of divergence 
of the pinnules with respect to the penultimate pinna rachis, the 
pattern of the vascularization of pinnules, and the distance between the 
midveins of adjacent pinnules. Two species of Botryopteris, B. forensts 
and B. renaulti, are known to occur in Middle Stephanian sediments of 
France; therefore, the foliage described by Barthel may belong to either 
species, or to one not yet discovered. 

In cross-section, the penultimate pinna rachis shows a distinct 
adaxial groove (Fig. 20). Its epidermal cells are smaller in cross- 


section than the cortical cells immediately to the inside. The outer 
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cortex may be either homogeneous or two-zoned. The homogeneous appear- 
ance was observed in the basal region of the penultimate pinna rachis 
(Fig. 19). Progressing distally from the point of attachment to the 
parent petiole, the cortex of the penultimate pinna rachis becomes 
distinctly two-zoned (Fig. 20). The cortical cells, in this area, 
ranged in diameter from 16 um to 47.6 um. The smaller cortical cells are 
are located towards the periphery of the outer cortex. The endodermis 
and phloem zone were not observed. The penultimate pinna rachis has an 
omega-Shaped vascular strand (Fig. 20), which possesses metaxylem with 
scalariform to multiseriate-reticulate to elliptical bordered pitting 
and diameters ranging from 12.8 um to 57.6 um. 

The terete trace supplying a pinnule is derived from the tipe of 
the lateral arm of the omega-shaped trace in the penultimate pinna 
rachis. As the pinnule trace departs from the lateral arm of the 
omega-shaped trace the protexylem group of that arm becomes the proto- 
xylem of the pinnule trace. This "lost" protoxylem group in the penulti- 
mate pinna rachis is replaced distally by a lateral extension of the 
median arm of the omega-shaped trace (Fig. 21). Trace formation from 
the parent petiole to the penultimate pinna rachis occurs in the same 
sequence as does distal foliar to foliar trace formation (see page 20). 
The parent petiole is approximately 2.0 mm and shows the typical 
features of a B. forensis petiole. 

In cross-section the pinnules show structures identical to those 
described by Delevoryas and MOrgan (1954). The pinnule is arched over 
the prominant midrib (Fig. 23). Hairs were observed on the pinnule mid- 
rib, but not on the lamina. The epidermis is now well enough preserved 


to allow study of stomata placement and their relationship to one another. 
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In transverse and peradermal sections, the pinnules show their broad 
attachment to the adaxial region of the penultimate pinna rachis (see 
Figs. 23, 29). The pinnules are oriented at angles ranging from 
approximately 50 to 70 degrees to the penultimate pinna rachis (Figs. 
27, 29). The pinnules reach lengths up to 1.4 cm or more. The maximum 
width is 6 mm. The distance between adjacent pinnule midribs is 
approximately 6 mm. 

The identity of an entire pinnule is at times difficult to 
determine. This occurs when the individual lobes of a pinnule appear 
to constitute a separate, entire pinnule (Figs. 27, 28, 30, 31). 

The lobed edges of the pinnule laminae recurve sharply downward 
making it difficult when observing paradermal sections to determine 
the true margin of the leaf. The pinnules show an open dichotomous 
venation pattern with alternate lateral veins arising from the midvein 
of the pinnule. Occasionally, a lateral vein may dichotomise once 
near the base of a short round pinnule lobe with repeated 
dichotomies occurring as the veins approach the margin of the lobe. 

Most commonly, a lateral vein traverses the middle of a long or 
short, rounded pinnule lobe and can itself produce laterals ina 
pseudomonopodial branching pattern. These latterals then dichotomise 
toward the edges of the pinnule lobe (Figs. 27 - 30). 

The epidermal cells, where preserved, appear to have straight 
walls (Figs. 24, 25). The range in length of the epidermal cells is 
19.2 um to 70.4 um, while the range in widths is 19.2 um to 32 um. 

The long axis of the epidermal cell is oriented parallel to the veins. 

The mesophyl1 cells have wavy walls and interconnect with one 


another to enclose intercellular spaces (Fig. 26). 
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34. 
Fertile foliage -- Fertile foliage of Botryopteris has 
received many different designations in the literature. Among these are 
fertile petiole, fructification, fertile pinna, and sporangial structure. 

The fertile petiole of B. forensts has been known since the genus 
was erected by Renault (1875). He was of the opinion that B. forensis 
was heterosporous. The dimensions given by Renault for this fructific- 
ation are 5 cm (length) x 3 cm x 3 to 4 cm. The pyriform fertile 
Sporangia range in length from 1.5 to 2.0 mm and in width from .7 to 
1.0 mm. Pyriform sterile sporangia, located at the periphery of the 
fructification, are 9 mm in length and .4 mm in width in their greatest 
cross-sectional diameter. Renault (1896) assigned a protective role to 
the surrounding sterile sporangia. The sporangia are clustered in 
groups of two to many. According to Renault the spores are of two 
forms; one, the multicellular "microspores" which measure 60 to 70 um 
and give the appearance of being multicellular and polyhedral; the other 
form, the "macros pores" which measure 40 um (Renault (1883) and are 
spherical with smooth walls. 

Darrah (1939) distinguished B. globosa from B. forensis by the 
larger spore size (70 u) of B. forensts. The spores of B. globosa are 
reported by Darrah to range from 0.05 mm to 0.65 mm. Other than 
differences in spore size, Darrah finds the two species to be similar in 
details such as the annulus, sporangial wall, sporangial attachment and 
spore number. He observed sporangia that vary in length from 1.5 to 
1.7 mm and in diameter from 1.0 to 1.2 mm. 

After studying the type material of B. globosa from Iowa and 
additional material from Kansas and Illinois, Murdy and Andrews (1957) 


concluded that all these specimens belong to the same species. They 
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35. 
also provided an amended description of B. globosa as follows: 


"A massive, globose aggregation of sporangia measuring 
approximately 5x5x6 cm.; attached to the plant on which 
it was borne by a botryopterid frond fragment measuring 
7.5 by 4.5 mm. which contains a w-shaped trace; the 
latter gives off two rows of appendages which divide 
profusely bearing several sporangia on each ultimate 
extremity; entire fructification consists of upwards of 
50,000 closely crowded sporangia; sporangia are pyriform 
measuring about 1.5 mm. long and 1.0 mm. in diameter with 
a massive annulus occupying about three fourths of the 
area of the sporangium; the annulus is divided into two 
more or less equal parts by a longitudinal band of 2-3 
rows of elongate thin-walled cells; sporangia around the 
periphery of the fructification characterized by greatly 
enlarged, radially elongate cells in the distal region; 
spores spherical, trilete, with a wortose to obervermi- 
culate sculpturing and range in size from 40-55 u. 


Phillips and Rosso (1970), after reviewing previous work on 
fertile Botryopterts, concluded that there are two species of 
Botryopterts fructifications, B. americana and B. globosa. They state 
that the fertile pinna of B. amertcana and B. globosa are not separable 
on the basis of sporangial morphology or pinna anatomy. The two species 
are, however, separated by Phillips and Rosso (1970) by spore ornament- 
ation. They describe B. amerteana spores as: 


" ...verrucate to rugulate with verrucae fusing to a 
variable extent to form bars and convolute ridges;". 


and B. globosa spores as: 


" ....vermiculate or fossulate to densely rugulate 
with scattered verrucae." 


Galtier (1971), after redescribing the type material of B. forensis, 
suggested that B. americana spores were identical to B. forensts spores. 
Fertile Specimens Observed: 

Table 1, page 37, provides a partial summary of information resulting 


from my study of six fructifications, obtained from West Mineral, 


Kansas coal balls. 
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TABLE 1. Data on fructifications, sporangia and spores of Botryopterts 


forensts. 
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38. 

The fertile pinnae complexes are usually borne at. the base of a 
primary petiole member which immediately terminates in a crozier 
(Phillips, 1974). Occasionally, however, the attachment of the central 
axis of fertile pinnae to either a primary parent petiole or a second- 
ary parent petiole has been noted (Phillips, 1970). Petioles with 
diameters between 5-7 mm are considered primary petioles (Phillips, 
1961). Using this criterion I have found attachments of the central 
axis of fertile pinnae to secondary parent petioles, which in turn may 
be attached to primary parent petioles. Specimen 265 shows an attach- 
ment of the fertile axis to a primary petiole, which in turn is . 
attached to a petiole with a diameter of approximately 8 mm. The 
largest reported diameter for a petiole of B. forensts is 8 mm (Corsin, 
1937). In only one case, (specimen 265) was the primary parent 
petiole observed to terminate in a crozier, and this was poorly 


preserved. 


Trace Formation 

Specimen 38-a best illustrates trace formation from a parent 
petiole (secondary) to the axis of the fertile pinna. Trace 
formation begins with a lateral extension of tracheids from the median 
arm to a position which is approximately midway between the lateral 
arm tip and the base of the median arm. These tracheids will become 
part of the next lateral arm of a somewhat trident-shaped vascular 
strand (Figs. 33, 34). The old lateral arm can be seen still attached 
to the parent strand. Figure 35 shows the old lateral arm, i.e. the 
trace to the fertile axis, detached from the parent foliar strand. At 


this level the trace is somewhat elliptical with the smaller tracheids 
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39, 
confined to a portion of the adaxial (left half) and lateral faces of 
the trace. The trace lies in a plane perpendicular to the parent 
foliar strand. Distally, the trace is still somewhat elliptical and 
the smaller tracheary elements are confined to the right half of the 
adaxial face and to a position at the tip of the developing left arm 
(Fig. 36). The left arm develops by the formation of non-tracheary 
tissue (Phillips, 1961), which extends to the adaxial surface. In 
this case the adaxial opening developes simultaneously with the 
appearance of the non-tracheary cells. The orientation of the trace is 
Slightly out of the plane of the parent petiole. One can detect at 
this level (Fig. 37) the left arm, a median bulge (the median arm) and 
a slight bulge to the right. Between the median arm and the right 
bulge is a slight concavity, which is the position into which the non- 
tracheary tissue island will extend. 

Specimen 335 provides additional information about the initial 
changes in the trace to the fertile pinna axis. Figure 38 illustrates 
the fertile axis strand at a basal level just distal to the point of 
its attachment to the parent petiole. The trace has a well-developed 
right arm, a median arm, and a weakly-developed left arm. All three 
arms possess small tracheids (probably protoxylem) at their tips. Non- 
tracheary tissue is present and extends adaxially to delineate the 
right arm of tracheids of the trace. At this level the left arm of the 
xylem trace has not been differentiated. At a slightly higher level 
(Fig. 39) the non-tracheary tissue makes its appearance. It has not, 
however, become adaxially extended so as to delineate the left arm of 
the xylem trace. Figure 40 represents a slightly more distal level of 


the fertile pinna axis and shows the left non-tracheary tissue 


Mt 


* 
«a7 
. , 


Yo 20987 teqatet Dive ie lal Vanahs ¢ _ 
Seances at, 28 paola a 
bas leotoat hfe dudalen Fete, at oat, — we : 
no Ve A bie 
aris. JUst eninotonal aay te sae on Se, oh BA | 
eT b9FDBYI~ 109, Ye) sotasimo aii \a asia va bs 
a sae: he hsahs (ant. od. abnadxa Wat 139 
odt it yizunane fant, monte sips i 
et. sact? edd oO tot thgna bye eit pellea © de 
5 tpetoh nes am storia jnrieg oy toe 
bis (ries. ryethtat. nip pad ington, ts Set adit, (K 
Jide, ote bre eee fiber add nese se tgs 3 sit ot el a 
son 3, Ao Sane sa eF 


Feiv hint: amid dha vedi Pic 
eager taunt Of, sgt? ae he TN ot eae ; 
to sntoq on oe Cébev seit Hayat Semis ts boege 2 volt 
piqotoveh tow 8 Zur Roma" aIIE ,avbHdD aiid Galileo 
sat TH snd int kacaabouaton si clue ins PB! mee Sgr 
oh weit haat a abbatiogyy (Tone aeoe2oq ene 
Asst ha Sse at “let ‘cide : 


%» 


” 


"add Yo mo YReF Sf evel ata AA aaeKt oh Yo dlitsniyeld Yo ons Jabs 


lovet vongtt visite: eA \sisnstsnaniy ded tom abd anand metyx 
"#00 eed 31 JSondresagn zit s eaahadtsit lane aaa gt) 
tO orn its) sat steont feb ot 26 2 babnadins: XM Terabe smgzed isvewod 
10 Toval Tstelh som Ylaipite & tingHteoay qh Strunk ioe wolex oft 
ayeris vicodettation sar aft eit ig 2hin sing abbre sit 


os 


40. 
extended and opened out to isolate the left arm. 

Trace formation to the paired laterals differs depending on the 
level at which trace formation is initiated. The patterns explained 
below are from a reconstructed fructification, which is based on 
Specimens numbered 355, 38-a, and 537. No one fructification has all 
the indicated patterns of trace formation. At the base of the 
reconstructed fructification, lateral trace formation from the some- 
what trident-shaped parent strand begins with the lateral extension of 
tracheids from the median arm. At the same level a small bulge of 
tracheids can be seen in a position approximately midway between the 
lateral tip and the base of the median arm (Fig. 41). The lateral 
extension and the bulge join together to form the next lateral arm 
(Fig. 42). The lateral trace (the outermost lateral arm) may detach 
during or slightly after the separation of the new lateral arm from 
the median arm (Fig. 43). The detached trace appears as a slightly 
curved bar and is oriented perpendicularly to that of the parent foliar 
Strand. Distal to the above position, trace formation may begin with 
the development of a protoxylem group in a position approximately mid- 
way between the median arm and the lateral arm. An extension from 
the median arm may or may not be produced. If it is produced, it 
appears before the newly developed protoxylem divides. The length of 
the developing arm may be accentuated by the formation of a non- 
tracheary tissue (Fig. 45). The protoxylem is then itself divided by 
the intercalation of non-tracheary tissue; the result is a somewhat 
c-shaped trace, which is still attached to the parent strand (Fig. 46). 
When the aarp trace becomes detached it is oriented in a plane 


perpendicular to that of the parent foliar strand. In the most distal 
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41. 
regions of the fructification, trace formation begins with the 
formation of tracheids with small diameters which extend from the tip 
of the median arm downward along its lateral face. 

The lateral tracheary arm is then formed by the adaxial expansion 
in the lateral portion of the strand, of non-tracheary tissue (Figs. 47, 
48). 

Paired lateral traces are borne on the main axis of the fructific- 
ation in a quadriseriate (4-rowed), alternate pattern. The higher more 
distal orders of branching may be either biseriate (2-rowed) or quad- 
raseriate. The actual orientation of the lateral pairs varies. In 
general, the lower (basal) lateral pairs tend to be oriented towards 
the base of the fructification and are pendulous, while the upper more 
distal pairs tend to be oriented towards the apex of the fertile axis. 
The orientation of the paired laterals in specimen 38-a differs some- 
what from the general plan, in that the paired laterals on the one side 
are pendulous, while the laterals on the other side are directed 
towards the apex of the fertile axis (see reconstruction, text fig. 2). 
It is possible that the final spacing of paired laterals may be due to 
available space. In any one pair of laterals, the ultimate divisions 
of each member tend to be located at the periphery of the fructification; 
thus, the most peripheral clusters of sporangia are (as seen in a cross- 
section of the fructification) located on the ultimate divisions of a 
particular pair member. | 

The distance between nodes of alternate pairs of laterals is very 
short. In fact, at times trace formation to alternate pairs of 


laterals appears to be opposite, though the final orientation is indeed 


alternate. 
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Text Fig. 2. Reconstruction of the fructification of Botryopterts 
forensis showing branching patterns. (See text for 


full explanation. ) 
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Higher order branching patterns are clearly illustrated by 
Specimen 38-a. The shape of the vascular traces in orders of branching 
distal to the main fertile axis ranges from bar to c to terete in shape. 
Weli-defined protoxylem is often difficult to observe. In some 
Specimens small tracheids appear scattered along the adaxial face of 
the trace. These may be interpreted as more or less isolated proto- 
xylem cells. It is my experience that the best way to describe 
divisions of a trace is to relate the division to the development of 
the intercalating non-tracheary tissue. This is contrary to the usual 
method of description which relates the division of the trace to the 
divisions of protoxylem stands. 

The non-tracheid forming areas may at first develop opposite one 
another, on the adaxial and abaxial faces of the trace. Distally each 
area of non-tracheary tissue develops inwardly (towards each other), 
producing a trace, which may be of the same or smaller size than the 
other member of that division. Non-tracheary areas were also observed 
developing on the abaxial side of the trace and progressing towards the 
adaxial face, thus dividing the strand. 

The slightly curved, bar-shaped trace (the trace to the paired 
laterals), which develops from the axial strand of the fertile axis, 
does not close as is the case with trace development in a distal 
vegetative petiole. Distal to its point of attachment, the trace 
becomes more c-shaped and oriented in a plane perpendicular to that of 
the parent strand. Shortly after the lateral trace has become c-shaped, 
it divides into two (Fig. 49). One of the resulting traces may be 
smaller than the other. Each of these traces is the incipient trace 


for a member of the lateral branch pair. While still in cortical 
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attachment with each other and the parent axis, each strand divides to 
produce a laterat, trace which will ead to an appendage at the base of 
each lateral pais member (Fig. 50). The basal appendage traces occur 
with a high degree of regularity, however, in some cases they are 
lacking. The lateral appendages branch to form a biseriate pattern (Fig. 
51). Slightlyebove the level of attachment of the lateral appendages, 
the lateral pair, members are separated from each other and the parent 
axis (Fig. 52). The lateral member to the right (Fig. 52) will be 
discussed and illustrated in order to bring out details of its branch- 
ing. Three traces and one parent strand can be seen in cross-section of 
the axis of this member pair. The two traces to the left originated 
as a Single trace from the parent strand, which is the strand located 
at the center of the axis (Fig. 53). The trace which divides to 
produce the two traces above mentioned is at the point of initiation 
in the same plane as the parent strand that it is derived from. As 
the trace proceeded outward it became oriented at right angles to 
the trace of the parent strand. The trace then divides and the two 
members of that division become oriented at an angle of approximately 
90 degress with respect to each other. One can also observe at this 
level that the parent strand has also produced a trace to the right 
which is at right angles to the trace of the parent strand. Figure 54, 
distal to that shown in Fig. 53, shows that each of the traces to the 
left and described above, has divided into two. The two traces to 
the right originally described as a single trace, have become oriented 
perpendicular to the parent strand. Each of the two sets of lateral 
traces supply a left and right pair of laterals having a quadraseriate 


arrangement. The left pair of quadraseriate laterals (Figs. 55,56) 
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differs somewhat from the right pair, in that, one member of that left 
pair divides near the base of the other member and appears as a quadra- 
seriate pair borne by the other member. | 

The right pair of laterals (Figs. 55, 56) of which each member is 
developed equally and biseriately branched, is the common type of 
quadraseriate pair occurring on higher orders of branching in the 
fructification. 

A variation of branching, a pattern somewhat intermediate between 
the quadraseriate and biseriate pattern also occurs in this fructific- 
ation. Figure 57 illustrates an axis with four strands (two traces to 
the right and one to the left of the parent strand). We will be 
concerned only with the two traces to the right. They originated from 
the parent strand as a single trace, which later divides to form the two 
traces. One trace supplies a lateral appendage, which branches 
biseriately (Fig. 59); the other trace at this level does not supply a 
lateral appendage as would normally be the case. Rather, it remains 
within the parental cortex and divides into two (Fig. 61). The 
destination of these traces was not determined due to the position of 
the saw kerf. 

Paired laterals, which are borne on the main axis of the fructific- 
ation ultimately divide by a two, three, or four-parted division. 

In summary, the branching of the fructification ranges from quadra- 
seriate to biseriate. At times one member of a quadraseriate pair is 
| smaller in diameter then the other member. One member of a quadra- 
seriate pair may also divide very early, i.e., at the base of the joined 
pair and thus give the appearance of being borne by the other member 


(Fig. 55). In my opinion, the quadraseriate branching pattern 
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represents the primitive branching condition (at least in the fructifi- 


cation) and the biseriate pattern is derived either by suppression or 


subordination of one member of the quadraseriate pair. 


Sporangia and Spores 


Reconstruction of B. forensts sporangia has been accomplished by 
Murdy and Andrews (1957), Phillips and Andrews (1965), and Galtier 
(1971). The latter redescribed the type material of B. forensis 


and provided additional information on the sporangia and spores. 


Sporangia -- According to Galtier (1971), the sporangia are 
attached to a lateral protuberance of parenchymatous tissue, which is 
fortified by scalariform tracheids. These tracheids can be followed 
to the base of each sporangium. The sporangia are grouped in clusters 
of 2 or 3 or many and the annulus of each is oriented towards the 
interior of the group or cluster. 

The fertile, pyriform sporangia measure 1.5 mm to 2.0 mm in 
length and 0.7 mm to 1.0 mm in width. The sporangial wall usually 
appears as a Single layer of cells, though occasionally an inner 
layer was observed. The sporangia are bilaterally symmetrical, possess- 
ing an annulus that occupies 2/3 of the proximal face. The annulus 
extends from the pedicel to a position somewhat below the apical region 
of the sporangium and to a degree along the lateral faces. The annular 
cells are large, hexagonal, and elongated parallel to the sporangial 
axis. These cells near the distal apex of the sporangium an6 iso- 
diametric. The pedicel of the sporangium is formed of small cells 


with rélatively thick walls. 
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Dehiscence is longitudinal and is effected by a band of elongated 
cells (3-4 cells wide), which extend from the distal region of the 
Ssporangium to the pedicel opposite the annulus. The rest of the 
sporangial wall consists of large cells either polygonal or slightly 
Sineous in shape. 

Galtier (1971) describes the peripheral sterile sporangia as being 
0.9 mm in length to 1.3 mm in length and containing an internal tissue 
of polygonal cells. The cells of the wall in the distal region are 
very elongated in the radial direction and terminated by a rounded 
point. He states that these cells appear to be modified non-annular 
cells. 

Immature sporangia, located in the central region of the fructific- 
ation, have a sporangial wall composed of cells that appear matured. 

The interior of the sporangia, however, consists of slightly altered 
spores and a tissue of polyhedral cells 50 - 60 um to 75 - 90 um in size. 
Some spores are grouped in tetrads, while others show a trilete mark 
and possess a distinct ornamentation. These polyhedral cells may be 
the "multicellular fii hoses" described by Renault (1896). 

Sporangia observed in this study came from the West Mineral local- 
ity and compare closely with sporangia described by Galtier (1971) from 
the type material; therefore, morphological and anatomical details 
need not be repeated. 

Figures 73, 74 show fertile and sterile sporangium with distal, 
radially-elongated cells. 

Sterile sporangia are either empty or filled with a parenchymatous 
tissue. If they occur, the sterile sporangia, if present, generally 


are restricted to the periphery of the fructification where they are 


"no 1 - Ay 7 
ses a 
- Ne | 
ed ne an 
¢ } is . ‘ wei 54 37 8 t } c i obi rani _ ynede sd: * 
uex 
.- me 
n notoey fadet add ext bre Tate, ee fa), otf 
o teow ait Limes eft. ott aogda ranking a8 mudone Og 


nrle2 | anti mide 24ja5 aovel YO, 23 sine Fide Totenavoe 


ug 
: -eqnie. i eugsa i 
=o a : > © a," a“ 
6 clorexooe al tease te slats odd} ad b iver) voteten 
. Abedin : “ie tat AP hey &, fo ‘Atonel, | rt me y 
teth ony ng. (how oft Yo cf led ont etiag stg vet 


nioy § ve botanfuses ae nol fodsth father aay s} besaonote 


usaé=riod bat thow ad ad aesque 2! leo aaah Sant Sete Sa hitea 
ae . att 
sisourt ott Mo notes, Fevtides oe nt tedeooh ol NGO awd hiai 

; lt @ “ yer P ht 


_ ia +67 sy 8 16 he “onan > {fs ‘WW stone g2 & Ie nat i 
‘fa to eliehends vevewod , spmsioge ait. to vobvedat at 
te ah iy OX jot. fiy06) - G8 ef fap (narhbely fou 20 auaett 6. one, J 2 * 


sin. otali<d 6 wode erate af tiw ene ony! at Reborg, gts 910 9 


{ 


Be 


ad wa eh fied: Teme ttg, silts rots he tim. JonbFeth, s aaset0n Bhi 


4 


(ane +) + Pueara® ud had?naeeb v seyegzers tm vat tts 3 Tum 


-fesol Tevant gee ofS wor? otisa ghuge 2tstt of havisede STQMOTORE : 


mox? (fT21) vata t6p we padi ied stonavoge Ag ty «(seof o1sqmos on 


Ae 


etfetad tahantake bis ‘eben isi S102 ai siig Trivedi 4 d ants 


4 


t 7 ” - 
oo an * ‘+ ary 
f ven odener 26 - a nae 
fatztt dh puiprsrage rene has sity 1487, wore BY, 268 pias ¥ 


he 
7 7 


ie i: eck, 's | saVfab 
a Ah ie vont 10 waahs norte ste Haris 


eaten 
Pa Lory, a 7 a we : 
Herons, aeea0 vt shor bya a Fe 2 and vee 90 aris H 
oon ma a norseat ue Ls ony 3 ie inti _ i} 


- 


Ai dan. 


Te? 


a 
i py Dy ” 


5 
— ‘i 


Yas 


jr 
= 2 pe 7 


49, 
borne on the distal, ultimate appendages. These sporangia may form an 


irregular layer surrounding the fructification. The peripheral layer 
of sterile sporangia is often discontinous with the gaps in the layer 
being filled by fertile sporangia. In some fructifications (Fig. 63) 
the covering layer of sterile sporangia may be absent. In this case, 
most ofthe peripheral sporangia are fertile. The asain nity in the 
number of sterile sporangia between fructification specimens (which 
were sectioned transversely or longitudinally) can be seen in Table 
on 

There is a general trend (exceptions specimen 265 and in aane 
specimen 537) for the lengths and widths of sporangia to be less in 
the peripheral zone than in the internal zone. The smallest sporangium 
measured was 346.78 um in its greatest diameter (specimen 265), while 
the largest measured was 1102.5 um (specimens 38-a, 38-b). The 
shortest sporangium length measured was 472.5 um (specimen 265) while 
the longest measured was 1320.0 um (specimen 38-a). Histograms of 
measured diameters and lengths of sporangia for each fructification 


Specimen can be seen in Table 3. 


Spores -- The spores redescribed by Galtier (1971) are of two 
forms. They are essentially of the same dimensions and can be found 
within the same sporangium. One form is subspherical, trilete, and 
provided with a distinct ornamentation. The other form has a poly- 
hedral shape and is apparently multicellular. 

The ornamented spores have equatorial diameters ranging from 
42 to 62 um. The rays of the trilete mark are straight and range from 


12 to 24 um in length. The exine is ornamented with variable densities 
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Table 3. Histograms showing the distribution of spore sizes from 


Botryopterts forensis fructifications. 
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5S. 
of verrucae and rugulae. These elements can be circular or elongated 
to create irregular sinuses. The a auidrtée seldom exceed 1.0 um in 
width or height. There is no observable difference in ornamentation 
between distal and proximal spore faces. 

The polyhedral spores are of the same dtimens ides or slightly 
smaller (40 to 55 um) than the other spore form. They possess a 
trilete mark and an ornamentation comparable to the spores described 
above. Galtier attributed the appearance of these polyhedral spores to 
the process of fossilization. He found little evidence to indicate 
heterospory as suggested by Renault. 

Botryopterts forensis spores in this study range in diameter from 
21.96 mto 51.24 m. The exine ornamentation varies from being 
psilate to densely rugulate (see Table 3 and spore histograms). Based 
on the observation of peels showing spores within sporangia, it appears 
that there is a wide range in the sizes of spores within any one 
fertile sporangium. A similar conclusion, based on deeply etched 
sections of sporangia, was made by Phillips (1970). Specimens 537, 
38-a, 38-f, and 265 (based on peels only) showed no significant 
differences in spore size or ornamentation that could be related to the 
level in the fructification from which the spores were macerated. The 
fructification specimens listed above, lack observable spore tetrads. 
the majority of spores possess some degree of ornamentation. Psilate 
spores do occur, but they are rare. 

Fructification 38-b (interpreted as being the least mature) 
possesses mostly psilate spores (some of which were still in tetrads) 
(Fig. 82). Occasionally, spores with a verrucate-vermiculate ornament- 


ation were observed (Figs. 84, 86). Many of the sporangial walls are 
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54, 
completely broken down; as a result, there is a large number of 
dispersed spores within the matrix, outside of the boundaries of the 
fructification. 

Generally speaking, the proximal and distal spore faces do not 
differ significantly. When differences do oeeuint however, they are 
not related to the size of spore (compare Figs. 91, 92). Notice that 
the interradial areas of the proximal face of the one spore (Fig. 91) 
lack ornamentation, while a spore of comparable size possesses a well- 
Ornamented proximal face. 

Spores of specimen 537 show the greatest degree of fusion of 
verrucae and they proved to be useful in illustrating the range of 
exine ornamentation patterns one can observe in spores of B. forensis. 
Figures 93 to 97 represent a possible sequence, showing the stages of the 
development or elaboration of exine ornamentation. Figure 93 shows a 
Spore with ornamentation elements which are not as densely spaced or as 
prominent as are the elements on the spore illustrated by Fig. 94. In 
Fig. 94, which represents the next stage of exine development, notice 
that the verrucae show a range of diameters and irregular distances 
between verrucae. Certain verruca are slightly attached to each other 
by thin rods of depositional material, while others are attached by 
more substantial connections forming short rods or vermiculae. When 
these short bars or somewhat longer vermiculae become more numerous 
among the scattered verrucae but do not anastomose extensively with 
each other, then the next stage of exine elaboration is reached (Fig. 
95). Figure 96 illustrates a more advanced developmental stage in which 
the short bars or vermiculae are fused with each other to form an 


anastomosing pattern. Notice that the verrucae which make up the fused 
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55. 
elements can be roughly deliminted by observing the positions of 
constrictions within a short bar or vermicula. This last ornamentation 
pattern I would call rugulate, while the previous patterns would be 
called verrucate, verrucate-vermiculate, or vermiculate depending on 
the degree of fusion between verrucae. The final developmental Stage, 
represented by Fig. 97, shows the short bars. or vermiculae fused to 
each other forming a densely rugulate pattern. The individual 
verrucae of the fused elements cannot be delimited. Gradations 
between the developmental stages occur. 

Fructifications 38-a, 38-f, and 265 (based on peels) possess 
spores with exine ornamentation ranging from psilate to verrucate to 
vermiculate (see Figs. 64-71). The spores of these fructifications do 
not show the degree of fusion among fused elements as do spores of 
specimen 537. This fact may indicate that specimen 537 was more 


mature (based on spore ornamentation) or produced more sporopollenin. 


Botryopterts tridentata 


Botryopteris tridentata, first described in 1886 by Felix as 
Rachiopteris tridentata, is known from the U.S.S.R, West Germany, and 
the U.S.A. It has a stratigraphic range extending from the Westphalian 
A-B boundary of West Germany (Katherina horizon) to North American 
sediments (Bevier coal), which are equivalent in age to the basal 
Westphalian D (Phillips, 1970, 1974; Kosanke et al., 1960; Kosanke, 
1969). : 

The main rhizome and fertile organs are not known, while petioles, 


plantlets, and laminar pinnules have been described. 
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56. 
B. tridentata has been extensively studied by Phillips (1961, 1970, 


1974) and Snigrevskaya (1961); as a result, the materials studied here 
will serve to illustrate anatomical and morphological details brought to 
light by the former authors as well as to provide new information 


concerning the species. 
Leaves (petioles) 


Petioles vary in diameter from 0.25 mm (Snigrevskaya, 1961) to 
6.0 mm (Phillips, 1961). The smallest petiole (non-laminar) observed in 
this study is a penultimate pinna rachis which is approximately 1.0 mm 
in diameter. Three eee and connected orders of petioles are 
known from the work of Snigrevskaya in 1961 and the work here. Phillips 
(1970) provided an emended diagnosis of B. tridentata and stated that a 
petiole possesses a: 


" ...-ebilateral symmetry, flattened to slightly convex 
adaxial face with rounded abaxial face and sides,.... 


Figure 104, illustrates a typical petiole 

Phillips (1970) described the epidermal cells as being up to 75 um 
thick, square to rectangular, and larger than the underlying cortical 
cells (Figs. 106, 107). Multicellular uniseriate hairs are up to 2.0 mm 
in length (Phillips, 1961) and borne on multicellular hair bases, the 
largest of which are found on B. ramosa and B. tridentata (Phillips, 
1970). 

The outer cortex is most commonly composed of uniformly, thick- 
walled cells. Cells in the outer region of the outer cortex often have 


dark contents. This gives these cells a thick-walled appearance and 


the outer cortex as a whole a two-zoned appearance (Fig. 106). In other 
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7. 
specimens of petioles the outer cortex does not show this two-zoned 
appearance even though the cells of which it is composed are thick- 
walled (Fig. 104). The innermost "outer" cortical cells are smaller 
in diameter than the other outer cortical cells and often tangentially 
flattened (Phillips, 1970). Proceeding outward from these innermost 
cortical cells, cells of the cortex attain diameters up to 85 im and then 
diminish in diameter towards the epidermis (Phillips, 1970). In longi- 
tudinal section, the outer cortex can be divided into an inner zone of 
cells with transverse end walls and an outer zone of cells with oblique 
end walls. The cells with transverse end walls range in length from 
62 um to 1007.5 um, while in width from 31 um to 77.5 um (from a petiole 
7 mm x 3 mm). The lengths of the cells with oblique end walls range 
from 139.5 um to 1007.5 um in length, while widths range from 23.25 um 
to 46.5 um. 

An inner cortex may or may not occur in a petiole. Usually the 
region between the vascular bundle and the outer cortex is not preserved. 
Phillips (1970) observed a petiole 2.8 mm x 2.2 mm thick with parenchyma 
between the xylem and outer cortex, which was differentiated into two 
zones. He suggested that the outer zone may be an inner cortex. Inner 
cortical zones are known to occur in petioles of B. forensts. Specimen 
552, a petiole of Botryopterits tridentata, possesses a zone of parenchy- 
matous tissue between the vascular bundle and the outer cortex. In 
longitudinal section, one can observe both typical thin-walled 
parenchyma cells and also cells, probably glandular or secretory cells, 
filled with a brownish substance that appears reticulate or frothy (Fig. 
137). Phloem cells were not distinguished. 


In cross-section the vascular bundle is trident-shaped. Phillips 
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58. 
(1970) described the xylem strand as broadly elliptical in cross-section 
with a flattened to concave abaxial face and with three adaxial ridges, 
each with a protoxylem group (Fig. 106). Snigrevskaya (1961) described 
the pitting on metaxylem as multiseriate-scalariform or multiseriate- 
reticulate and gave metaxylem diameters which range from 30 um to 160 um. 
Elliptical to circular bordered pits do occur on well-preserved meta- 
xylem (Fig. 105). Protoxylem ranges in diameter from 10 to 20 um and 
possesses spiral and scalariform thickenings (Snigrevskaya, 1961). The 
latter described parenchyma-like tissue associated with the xylem 
Strand. The distribution and dimensions of this tissue vary but are 
usually best developed on the adaxial side of the branch. Cells of the 
tissue have very thin walls. Phillips (1970) wrote that Snigrevskaya 
(1971) regarded parts of this tissue, the larger cells, as adaxial and 
abaxial phloem zones. 

Pinna trace formation begins with the separation of xylem (the 
adaxial portion of the lateral arm) from the parent strand. The proto- 
xylem is replaced or restored by a diagonal extension from the median arm 
-across the adaxial face of the parent strand to the lateral ridge area 
(ERM DS. o7 Wy aChIGS ells |). 

Specimen 311 contains a petiole 5.0 mm x 4.0 mm in diameter, which 
produces alternately a plantlet and a lateral pinna. The lateral pinna 
(3.0 mm x 1.1 mm) in turn gives rise to another lateral pinna 1.0 mm in 
diameter, which is the penultimate pinna rachis. Attached to the 
penultimate pinna rachis in an alternate fashion, are two~rows of 
laminar pinnules. 

The orientation of the first order lateral pinna strand is at first 


perpendicular to that of the parent foliar strand. It has a monarch 
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arrangement of its xylem. Distally, the lateral pinna strand becomes 
oriented just out of the plane of the parent foliar strand and is 
triarch. Details of trace formation to the penultimate pinna rachis 
from the first order lateral pinna were not available due to the lack 
of preservation. 

The penultimate pinna rachis is pendulous on the lateral pinna 
and produces three alternate distichous pinnule traces. In transverse 
section, one of the pinnules can be seen in Fig. 109. The penultimate 
pinna rachis is approximately 1.0 mm in diameter near its point of 
attachment with the lateral pinna, while approximately 8.0 mm distal to 
that position the rachis is .70 mm in diameter. 
| B. tridentata differs significantly from all other species of 
Botryopteris by its possession of a siphonostelic (medullated protostele) 
plantlet. A further distinction, which B. trtdentata shares with B. 
ramosa, is that cauline and pinna trace formation are quite different 
from each other (Phillips, 1970). B. tridentata is evolutionarily 
significant because it represents the earliest occurence of a siphono- 
stele (medullated protostele) in the genus (Phillips, 1979). 
Phillips (1971) described trace formation from a parent petiole to 
a plantlet as beginning with: 

" ...a marked increase in size of the lateral portion of the 
foliar xylem strand [fig. 112]. This lateral xylem segment 
subsequently develops a distinct additional lateral lobe 
[fig 112]; at this stage, tracheids may join the lateral 
arm to the tip of the median arm. The additional lobe or 
incipient xylem trace becomes progressively more hook-shaped 
[fig. 114], and finally the hook recurves to form an 
incipient xylem trace which is siphonostelic [fig. 116]. 

As the cauline trace departs, numerous adventitious roots 
radiate about the siphonostele; the portion of the lateral 
arm which gave rise to the cauline trace is typically 


enlarged at this stage and subsequently resumes a size 
comparable to the other lateral arm." 
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60. 
Five plantlet specimens were serially sectioned for this study, 
three of which were transversely sectioned, while the other two were 


obliquely sectioned (see Table 4). 
Plantlets 


The epidermis is not well defined, as is the case with B. forensis 
plantlets, and differs very little fom the underlying cortical cells. 
The outermost layer of cells is usual ly covered with multicellular, 
uniseriate hairs which usually are attached to a multicellular hair base. 
Phillips (1961) reported hairs up to 2.0 mm in length for this species. 
The maximum hair length observed in this study for this species is 
approximately 1.1 mm. 

The outer cortex (in cross-section) is uniformly thick-walled and 
dark brown in color (Fig. 113). The cells Shaw slight gradation in 
diameter from the innermost cells with the smaller diameters to the outer 
cells with the larger diameters. Cells of the outer cortex often contain 
- dark brown substance, which at times completely fills the cell lumen. 
The outer cortical cells ranged in diameter from 19.2 um to 78.6 um 
(specimen 380). 

The inner cortex is composed of thin-walled cells, that typically 
do not contain the brown substance; as a result, these cells appear much 
lighter in color. The diameters (radial) of the inner cortical cells, on the 
average are smaller than those of the outer cortical cells, ranging from 
12.8 um to 32 um. The inner cortical cells also are tangentially 
flattened, though in the contact region between the inner and outer 
cortices the inner cortical cells are more polygonal. The color differ- 


ence between the two cortices is quite distinct, with the inner cortex 
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lighter in appearance than the outer cortex (Fig. 113). 

Internal to the inner cortex is occasionally founds brown colored, 
Single-celled thick layer of cells, which were interpreted as the 
endodermis (Fig. 118). These cells have widths (radial) of 12.8 um 
and breadths (tangental) of 32 um to 44.8 um. 

The phloem zone is not well enough preserved for histological 
Study but ranges in thickness from 96 um to 160 um. The stelar xylem 
consists of larger metaxylem cells at the interior and smaller metaxylem 
at the exterior (Fig. 118). The center of the protostele is parenchy- 
matous with occasional scattered tracheids, which ranged in diameter 
from 12.8 um to 96. x 64 um. 

Protoxylem becomes evident at the onset of petiole trace formation 
on the inner face of the medullated protostele, between the parenchyma 
and the metaxylem (Fig. 118). The decurrent protoxylem gives the first 
indication of incipient petiole trace formation. The pitting of the 
metaxylem cells ranges from scalariform to multiseriate-scalariform to 
multiseriate-reticulate with occasional bordered pitting (Fig. 117). 
Tracheids of the cauline xylem, as reported by Phillips (1961), have 
annular to scalariform thickenings along the outer periphery and multi- 
seriate-reticulate bordered pits toward the center. 

In longitudinal section (Fig. 115), the inner cortical cells are, 
on the average, shorter than the outer ones; both tissue layers possess 
cells with oblique or transverse end walls. The lengths of the outer 
cortical cells range from 64 um to 544 um, while the lengths of the 
inner cortical cells range from 51.2 wm to 256 um. 

Plantlet petioles possessed an epidermis and hairs typical of 


petioles of the species. The petiole cortex appears either uniformly 
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thick-walled and dark brown or distinctly zoned with a lighter inner 
zone of thick or thin-walled cells and an outer zone with thick-walled 
cells only. 

Figures 125 to 127 show basal, median, and distal sections respectively 
of a petiole attached to a plantlet (specimen 577). Fig. 125 shows a 
light-colored inner cortex which consists of thin-walled cells. As the 
inner cortex continues into the petiole it becomes darker colored, and 
diminishes in volume. The cells of the inner cortex also become thick- 
walled (Fig. 126). Finally, distal to the previous position, the zone 
of contact between the inner and outer cortices remains dark in color, 
while the rest of the cortical tissue becomes lighter in color (Fig. 
121 ie 

A petiole (Figs. 123, 124) attached to the plantlet specimen #311 
has a zoned outer cortex with an inner zone of larger diameter, thin- 
walled cells of large diameters and an outer zone of thick-walled cells 
with smaller diameters. The latter cells are also darker in color 
because of the deposition of the brown substance (Fig. 124). The inner 
cortex consists of cells with small diameters which are tangentially 
flattened (Fig. 124). 

Plantlet phyllotaxy, where determined, is either 2/5 or 1/3. The 
largest number of petioles borne by a plantlet is twelve (specimen #380) 
in a 2/5 phyllotaxy. The longest plantlet is 2.44 cm (specimen #380), 
while the shortest is 1.1 cm (specimen #303). 

As mentioned earlier, the first indication of incipient petiole 
formation begins with the occurrence of a decurrent group of protoxylem 
on the inner face of a segment of the stem xylem (Fig. 118). When 


followed distally (Figs. 119, 120), the segment of the stem stele 
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64. 
destined to become a petiole trace, progresses outward until it becomes 
completely separated from the stem stele. The petiole xylem segment 
becomes detached simultaneously from both sides of the stem xylem. The 
petiole trace initially is either C- or D-shaped. If C-shaped, it 
becomes D-shaped in its more distal parts. The protoxylem group is at 
first confined to a region on the adaxial face of the petiole trace 
(Fig. 121), Distally, the protoxylem cells become distributed across 
the adaxial face of the trace. Finally, three arms with their 


respective protoxylem groups become differentiated (Fig. 122). 
Roots 


The initiation of root traces occurs in a fashion similar to root 
initiation in B. forensts. Roots of B. tridentata were reported by 
Phillips (1961) to be less than .8 mm in diameter. 2B. tridentata 
roots observed in this study range in diameter from 240 um to 600 x 696 
um. The outermost layer of cells is interpreted as the root epidermis, 
which lack observable root hairs. 

The underlying cortical cells commonly have thickened, brown 
colored walls (Fig. 129), although, as illustrated by Figs. 130, 134, 
one can observe a range in color and thickness of the cortical cell 
walls. The innermost zone of cortical cells (Fig. 130), which ranges 
from a single to a few cell layers thick, consists of tangentially 
flattened cells with radial diameters of 6.4 um to 12.8 um and 
tangential diameters of 25.6 um to 32 um. External to this zone the 
cells are more polygonal and range in diameter from 19.2 yim to 44.8 um. 

The zone between the diarch root strand and the cortex is not 


preserved. The root strand consists of at least ten tracheid elements 
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ranging from 12.8 ym to 51.2 um in diameter. The protoxylem groups are 
located opposite one another in the diarch strand. Metaxylem pitting 
is biseriate to multiseriate Bee Are eee cuaate to occasionally 
elliptical bordered (Figs. 135, 136). 

Lateral roots branch from the parent root pseudomonopodially (Fig. 
132) or endogenously (Fig. 131). A root which arises pseudomonopod- 
ially shows a cortex which is continuous (homogeneous) with the cortex 
of the parent root. This reflects an unequal division of the parent 
root apex. The smaller member of that division would become the lateral 
root apex. Lateral root branching was observed to occur after the 
parent root emerged from the stem. Phillips (1970) reported roots of 
B. htrsuta branching within the outer cortex or immediately upon their 
exit from the stem. The diarch vascular bundle of lateral roots is 
oriented perpendicular to that of the parent root. Figure 133 shows a 
root with a triarch bundle, which gives an indication of incipient 


lateral root trace development. 


Sterile foliage 


The penultimate pinna rachis is D-shaped in cross section and 
approximately 1.0 mm in diameter. In contrast to the well-developed 
adaxial ridges on the penultimate pinna rachis of B. forensts, the 
ridges on the penultimate pinna rachis of B. tridentata are not well- 
developed (compare Figs. 20, 140). 

The epidermis consists of cells having the typical appearance of 
B. tridentata epidermal cells. These are rectangular to square-shaped 
and larger than the immediately underlying cortical cells. The 


diameters of the epidermal cells range from 25.6 um to 32 um (radial) 
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to 32 um to 38.4 um (tangential) (Fig. 141). 

The outer cortex presents a rather homogeneous appearance in 
contrast to the usually distinctly zoned outer cortex of the penultimate 
pinna rachis of B. forensts. The outer cortical cells of the former 
vary from thin-walled to thick-walled. The innermost cortical cells of 
the "outer cortex" which may be, in reality, inner cortical cells, are 
most often tangentially flattened. External to these cells are poly- 
gonal cells, which show a gradation of diameters from large to small, 
from the inside to the outside of the penultimate pinna rachis (Fig. 
141). 

The Vascular strand is trident-shaped with the arms of the strand 
facing the adaxial surface (Fig. 141). The protoxylem is located at 
the tips of the arms. The metaxylem cells have diameters which range 
from 19.2 um to 57.6 x 83.2 um. Metaxylem pitting is uniseriate- to 
multiseriate-elliptical to circular-bordered. Often the borders are 
not well preserved thus giving a different appearance to the wal] 
pitting of the metaxylem cells. 

Pinnule trace formation occurs in an alternate, distichous pattern 
and begins with the appearance of a slight elongation of the lateral 
arm of the penultimate pinna rachis strand. The trace then departs and 
enters the base of a pinnule. Before the lateral arm departs as a trace, 
an additional lobe of tracheids with a group of protoxylem develops near 
the apex of the median arm and distally diagonally crosses the adaxial 
face of the pinna strand (Fig. 141). The tracheids of this lobe replace 
the tracheids emitted as the trace and become the new lateral arm. 

Tracheid connections between groups of protoxylem, which occur at 


various positions on the adaxial face of the pinna strand, vary in 
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number in respect to other protoxylem groups with which they are 


connected (Figs. 139, 141, 142). 

In cross section, the pinnule blade or lamina does not significantly 
arch over the pinnule midrib, as do the pinnule blades of Botryopteris 
forensts (Fig. 138). Hairs (uniseriate and multicellular) are on the 
abaxial sides of pinnule veins and in one case on the blade margin. 

The margins of the pinnule blade recurve slightly downwards (Fig. 138). 
The pinnule blade or lamina of B. tridentata differs from the 
pinnule lamina of B. forensits. The former appears thin and compressed, 

while the latter appears thick and shows little compression. The 
epidermis is not preserved on the pinnules of B. forensis, while it is 
On those of B. tridentata. It is suggested that B. forensts pinnules 
were fleshy, while those of B. tridentata were more leathery (compare 
Figs-20:5 (147). 

Details of B. tridentata pinnule histology are usually unavailable 
because most pinnules are compressed. As a result of this the lamina 
(in cross section) appears with the exception of the uncompressed 
pinnule veins as a thin, brown layer. Ina rare case, the lamina was 
not compressed, though still considerably thinner than the lamina of 
pinnules of B. forensts (Fig. 147) and histological details were 
available. The mesophyll tissue is not differentiated into a palisade 
and spongy layer, but consists of thin-walled cells with large inter- 
cellular spaces (Fig. 147). Stomata are present only on the lower 
surface (abaxial) and occur above substomatal chambers (Fig. 148). 

In paradermal sections the pinnules are seen as deeply lobed and 
broadly attached to the adaxial side of the penultimate pinna rachis. 


Like the pinnules of B. forensis, the pinnules of B. tridentata show a 
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68. 
range in size and shape; therefore, the term pinnule will be used for 
the laminar structures that are attached to the penultimate pinna rachis. 

Lengths and widths of pinnules ranged from 8.0 mm to 11 mm or more 
and from 4.0 mm to 6.0 mm respectively. Venation of the pinnules is 
Open, dichotomous with alternately produced lateral veins arising from 
the midvein. The lobes of the pinnules are separated by sinuses, some 
of which are rather deep. Because of this, a particular lobe separated 
by deep sinuses may look like an individual pinnule (Figs. 143, 145). 

A lateral vein from the pinnule midvein may dichotomize near the 
base of a rounded pinnule lobe. As one traces the resulting veins 
towards the margin of the pinnule lobe the veins may dichotomize once or 
twice. A lateral vein may also transverse the middle of a long pinnule 
lobe or a short rounded pinnule lobe and produce laterals in a pseudo- 
monopodial branching pattern. These laterals also dichotomize towards 
the edge of the pinnule lobe (Figs. 143, 145). The epidermal cells have 
wavy walls and are 76.8 to 96.0 um in length and 38.4 to 44.8 um in 
width. The long axes of the cells are oriented parallel to the veins. 
Stomata (44.8 um to 41.2 um in length) are also oriented with their axes 
parallel to the veins and lack subtending subsidary cells (type 1) (Fig. 
144). Mesophyll cells are usually poorly preserved and appear as 


illustrated in Fig. 146. 
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DISCUSSION 


Comparison: Botryopterts forensts and Botryopteris tridentata 
Vegetative features 


Upon examining the reconstruction of B. ee (fext fig. 1), ‘the 
reader will observe that the pinnules are lobed and broadly attached to 
the penultimate pinna rachis. The pinnules of B. tridentata are also 
lobed and broadly attached. 

As characterized by Arnold (1947), the pinnules assigned to the form 
genus Sphenopterts are lobed, contracted at their base, and often 
attached by a short stalk. He also characterized pinnules assigned to 
the form species Martopterts as being coriaceous, lobed or unlobed, 
and broadly attached or slightly constricted at their bases. The basal 
pinnules of the latter are distinctly larger than the others and are 
two-lobed. 

After comparing Arnold's characterizations of the two form genera, 
Sphenopterts and Martopteris, two obvious differences can be noted. 

1) Sphenopteris pinnules are contracted at their bases, while Martopterts 
pinnules are broadly attached or slightly constricted at their bases. 

2) The basal pinnules of Mariopteris are distinctly two-lobed. It is 
because the pinnules of B. forensts and B. tridentata do not show the 
basal lobing, characteristic of the basal pinnules of Martopteris, that 

I assign both of the above to the form genus Sphenopterts. 

One of the major results of this study is a better understanding of 
the detailed vegetative structure of B. forensis and B. tridentata. The 
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following are lists of the characteristics of the two species based on 


information gained from this study and other sources, where noted. 


Botryopterts forensts 


Foliar members 


Ts 


10. 


Diameters ranging from 
1.0 mm to 8.0 mm 


. Shape; typically with an adaxial 


groove and a rounded abaxial 
face 


. Orders of attached petioles; 


three 


. Epidermal cells; 35 to 50 um 


along one side (Mamay and 
Andrews , 1950) 


. Outer cortex; typically zoned 


. Vascular bundle; typically 


omega-shaped, though somewhat 
trident-shaped in the base of 
the rhizome attached petiole 


. Metaxylem pitting; multiseriate 


reticulate to elliptical to 
circular bordered pitting 


. Pinna and plantlet trace; 


similar to each other 


. Replacement of tracheids emitted 


as a trace by an extension from 
the median arm 


Position of the plantlet with 
respect to the parent foliar 
member; lateral 


Botryopterts tridentata 


. Diameters ranging from 


0.25 mm to 6.0 mm 


. D-shaped 

. Orders of attached petioles; 
three 

. Epidermal cells; up to 75 um 


wide (Phillips, 1961) 


. Outer cortex; homogenous 


. Vascular bundle; trident- 


shaped 


. Metaxylem pitting; multi- 


seriate reticulate to circular 
bordered pitting 


. Pinna and plantlet trace; 


different from each other 


. Replacement of tracheids 


emitted as a trace by an 
extension from the median 
(penultimate pinna rachis) as 
well as by a diagonal extension 
of tracheids across the adaxial 
face of the parent strand 


. Position of the plantlet with 


respect to the parent foliar 
member; lateral 
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Botryopterts forensis 


Plantlets 
i 


Stem diameters ranging from 
3.5 mm to 4.7 mm (Phillips, 
1961) 


. Stem length; up to 6.4 cm 


(Phillips, 1961) 


. Stem stele diameter; 


ranging from 1.1 mm to 1.5 mm 
(Phillips, 1961) 


. Stem stele histology; solid 


protostele and mesarch with 
metaxylem pitting of multi- 
seriate reticulate 


. Epidermis of stem; differs 


little from the underlying 
cortical cells 


. Hairs; multicellular and 


uniseriate though attached to 
multicellular hair bases 


7. Number of decurrent groups of 
protoxylem associated with 
incipient petiole trace formation; 
two 

8. Phyllotaxy; 2/5 

Roots 
1. Diameters up to .9 mm 


(Mamay and Andrews, 1950) 


. Origin from stem; endogenous 


. Lateral root branching; 


endogenous ly 


Orientation of the lateral 
root strand with respect to 
the parent root strand; 
perpendicular 


Pls 


Botryopterts tridentata 


tp 


. Stem diameters ranging from 


from 2.6 mm to 5.0 mm 


. Stem length; ranging from 


tel cm to 2.44 cm 


. Stem stele diameter; 


ranging from 1.0 mm to 1.5 mm 
x 1.0 mm 


. Steme stele histology; 


medullated protostele and 
mesarch with metaxylem pitting 
of multiseriate scalariform to 
reticulate 


. Epidermis of stem; differs 


little from the underlying 
cortical cells 


Hairs; multicellular and 
and uniseriate though attached 
to multicellular hair bases 


Number of decurrent groups of 
protoxylem associated with 
incipient petiole trace form- 
ation; one 


s PAyl lotaxys91/3 to’ 2/5 


. Diameters up to .8 mm (Phillips, 


1961) 


Origin from stem; endogenous 


. Lateral root branching; 


pseudomonopodially or endo- 
genous ly 


Orientation of the lateral 
root strand with respect to 
the parent root strand; 
perpendicular 
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Fe. 
Botryopterts forensts Botryopterts tridentata 


Roots (continued) 


5. Root stele; diarch 5. Root stele; diarch 
6. Metaxylem pitting; multi- 6. Metaxylem pitting; multi- 
seriate reticulate to seriate reticulate to 
elliptical bordered elliptical bordered 
7. Outer cortex; thin-walled 7. Outer cortex; thin or thick- 
walled 
8. Root hairs; none observed 8. Root hairs; none observed 


When making comparisons between the two species of Botryopterts, 
characteristics of the petiole, such as the shape of the petiole (xs), 
the shape of the petiole strand, histology of the cortex, size of the 
epidermal cells with respect to the immediately underlying cortical 
cells, and details of lateral trace formation (plantlet and pinna) have 
proven to be most useful. In conjunction with the former characteristics, 
plantlet characteristics, origin and development of the piantlet trace, 
plantlet orientation on the parent petiole, and the type of stem stele 
also seem to be distinctive. When all of their characteristics are 
taken into consideration, one can see that they differ for the two 
Species to such a degree as to leave no doubt that B. forensts and B. 
tridentata are distinctive phylogenetic entities and not ontogenetic 
variants. This conclusion is fortified by the fact that the species 


characteristics are constant for many specimens. 
Fertile Material of Botryopterts forensis 


The structure of the fertile material (sporangia) is known for 


B. antiqua. Most recently, Galtier (1967) redescribed the French 
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material of B. anttqua and concluded that their sporangia appeared more 
specialized (less primitive) than those of B. globosa. 

The two fructification species of Botryopterts, B. forensts and B. 
globosa, differ in spore ornamentation, though not in sporangial 
morphology or pinna anatomy (Phillips and Rosso, 1970). B. globosa has 
so far been found only at Iowa localities, while B. forensts is known 
in North America from Kansas and Illinois localities (Phillips, 1970). 
Phillips and Rosso also noted that the Kansas specimens exhibit the 
greatest variation in spore exine morphology. Fructification specimens 
used in this study (Kansas specimens) possess spores (some of which were 
still in tetrads) which are predominately psilate (specimen 38-b) to 
scabrate, verrucate-vermiculate to occasionally rugulate (specimens 
38-a, 38-f) and verrucate-vermiculate to densely rugulate (specimen 537). 
Differences in the predominate ornamentation of spores of each 
fructification may reflect a stage of maturity. Psilate spores are 
interpreted here as being the least mature because they lack ornament- 
ation and occur occasionally in tetrads (specimen 38-b). On the other 
hand, densely rugulate spores are considered to be the most mature. 
Spores of specimens 38-a, 38-f are somewhat intermediate in the degree 
and kind of ornamentation. 

In light of the fact that spores of fructification specimens from 
the West Mineral, Kansas locality, show such a great diversity in spore 
ornamentation, it is suggested here that B. globosa (a species based on 
the single character of spore ornamentation) should be placed into | 
synonymy. The name applied to the fructifications should be Botryopteris 


forensts. 
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74, 
Development of the Fructification ; 


While investigating the structure of the six fructifications for 
this study, it became evident that certain developmental stages were 
present. In this regard specimen 265 is unique in that the basal main 
laterals are two-ranked, expanded and possess attached sporangia (both 
sterile and fertile) (Figs. 98, 99), while the apical (distal) laterals 
that surround the axis of the fructification, are compact (not expanded) 
and possess no sporangia (Figs. 100, 101). Trace formation to main 
laterals from the parent axis is distichous and quadraseriate. 

A possible explanation for the unusual morphology of this specimen 
is that expansion of laterals and the main axis was under the influence 
of the sporangia; where no sporangia develop the laterals and main axis 
does not expand. 

Peterson and Cutter (1969) explained that the peduncle subtending 
the sporangial area of Ophtoglossum pettolatum elongated considerably, 
which brought the sporangial area above the prerile segment. Removal 
of the sterile segment of the frond had no effect on peduncle elongation, 
nor did removal of the sterile tip or any portion of the sporangial area, 
as long as a few sporangia were left. When auxins are applied to 
excised sporangial areas the peduncle is induced to elongate. The auxin 
stimulated peduncle cells to elongate without maintaining the mitotic 
activity of the intercalary meristem. Aborted spikes lacked sporangia 
and an intercalary meristem and failed to elongate. 

Based on observations of the kind presented above it seems 
possible that the fructification of B. forensts could have been 


influenced by a similar sporangia-produced auxin. Subsequent development 
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(expansion) of the branches could have been dependent on sporangial 


auxin being produced. Such a final stage is exhibited by specimen 335, 
which is fully expanded, has no sporangia (abscised) and developed 
vascular strands which extend into the parenchymatous sporangia attach- 
ment area (Figs. 102, 103). 

Another interesting puzzle derives from the sterile and fertile 
Sporangia. It is assumed that initiation of sporangia (both types) 
was identical and only later in development did distinction between the 
two types become evident. The sterile sporangia (if they occur) are 
restricted to the periphery of the fructifications and on the most distal 
branches. Steeves and Sussex (1972) working with sporelings of Todea 
report that they were able to grow them in culture containing very high 
concentrations of sucrose. When this was done, the sporelings developed 
adult-type leaves and in many cases initiated sporangia, which produced 
viable spores. If excised leaves were exposed to the same concentration 
of sugar, they also initiated sporangia, but the development of the 
Sporogenous tissue was arrested at the spore-mother cell stage. 

From the above experiments, it was suggested that the development 
of spores or division of spore-mother cells was under the influence of 
hormone(s) produced outside the leaf and transported to the spore-mother 
cells initiating their division. 

The presence of such hormonal gradients in Botryopteris forensis 
could explain the development of both sterile and fertile sporangia in 
its fructification. One can speculate that in order for a sporangium in 
a fructification to develop spores, the spore-mother cells had to undergo 
division. They did so only after a threshold in the concentration of 


the hormone was reached. If the concentration level was not reached the 


n 
ea: 


getline hay 
bagelavsb apart feipae ait «deka ie Oar eu | 


si Mipsis: spsantnte 

AES inasit he Beans hi i 
banetovob: bie 4 ‘Cisere es) We ; | 

tena a pes eer ret: 

| Baie gill ee 

ol eae Mie. Bb ee. ote tase ane be | 

|zeqya dna) | atghblade: Me nok sae tnt ne ee \e 


ait neawied pie, nf reset ne 


by 


5 we wart 


ee 


Hota. view aan cians a 


souberg rotsiy, ehtpnaoge. be 
hope Ven Nea 82 ois ot) ge tah Fv 3 
ony WO iigpeotoved sai ad pignercd batetn 03 
-evere Woo Yodaenetnoya ga pas 
soomstensh oat i Natomngia amu aT teeta syads 
to sohay hat atid sotiiw 2aW zt tan sortton-evane >o vatahet 10 
roddoiwsron® 4ne of! bad seqanet? has Yo! ons abled ‘beauhorg (os . 


ies 
ye 


‘no lety hy -wtgdd gattststat ifn ; 
srtven|| vhcseggetel of ainethaip iqnemed dave i egnsea'g oT : 
hf afpasioge oftinet bas Slidese Azed to ¢romgataysty ods ntofqxs bfuas 
ni muhenanoge & Tah Fob at do09 ate nao gn “snakseat bout ait 
onsaamur OF bee Hien van omearoue sty panna gorsvab not tearttsoutt & 
to diohbardiebes’ pty mi bfantarity 5 49dt0 ee ae bit yodT notetvth 
jai hotigge" son tev faval npkgortugonao eld +1. sbardanon 2ow onomiind one . 


gee 


76. 
Sspore-mother cells would remain as undivided parenchyma. cells, which 
often occur in sterile sporangia of B. forensis. If such a threshold 
occurred in Botryopterts fructifications, it could account for the 
distinct delimitation between sterile and fertile sporangia. The 
division of spore-mother cells and the possible influence of sporangia 
On the expansion of the fertile frond are regarded as two separate 
phenomena; thus, sterile sporangia as well as fertile sporangia could 


cause frond expansion. 
Relationships of Botryopterts to Extant Ferns 


Relationship between the genus Botryopterts and the Ophioglossales 
has been suggested by Renault (1875), Scott (1908, 1920) and with the 
Osmundaceae by Scott (1908, 1910, 1920), Pelourde (1910), Galtier (1967) 
and Phillips (1965). I believe that the relationship of the Botryopter- 
idaceae with the Ophioglossales is the most logical choice. Scalariform 
lateral pitting is the most common type in the ferns (Bancroft, 1911; 
Deurden, 1940; Eames, 1936; After White, 1963). Bordered circular pits 
do occur in the Ophioglossales (Eames, 1936) and the Marattiaceae 
(Bierhorst, 1960). Based on differences in pitting and sporangial 
morphology close relationshtp of the genus Botryopteris with the 
leptosporangiate ferns (excluding the Osmundaceae) is very unlikely. 

Fossil evidence for the Osmundaceae extends back unquestionably to 
the upper Permian (Miller, 1971). The latter writes: 

"Thus, neither of the two species of Grannatopteris [from the 

lower Permian of France and West Germany] can be considered 

the direct ancestor of the Osmundaceae. However, these ferns 

are closer to the early members of the Osmundaceae than any 


other ancient fern. 
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"Thus, Catenopterits [Upper Pennsylvanian of Illinois] must 

be considered in the same category as Gramatopteris; 

rather than being the actual progenitor, it probably 

represents a larger group from which the Osmundaceae 

might have evolved." 

Based on the above statements by Miller, it is probable that the 
Osmundaceae is related to coenopterid ferns other than the Botryopter- 
idaceae. 

The Marattiales also have a well documented fossil record, which 
extends back to the Middle Carboniferous. Members of this order have 
eusporangia grouped into elongate sori or synangia on the adaxial 
surface of the frond, large simple pinnate to Ree fronds, and 
stems with complex dictyostelic vascular cylinders. Based on the above 
characters the extant members of the Marattiales can be related to the 
Paleozoic members and not to the Botryopteridaceae. 

Stems of Catenopterts and Grammnatopteris, aS well as members of 
the Osmundaceae show consistently a compact spiral phyllotaxy. The 
phyllotaxy of Botryopteridaceae is either 1/3 or 2/5 and is not ina 
compact spiral; thus, there is an additional difference in phyllotaxy 
between these two groups. 

By the process of elimination, relationships of Botryopteris with 
the leptosporangiate ferns, the Osmundaceae, and the Marattiaceae seem 
to be excluded. This leaves the extant Ophioglossales, which has 
undisputable fossil representation extending back to the Paleocene 


(Chandrasekharam, 1972). The following is a list of comparisons between 


the Botryopteridaceae and the Ophioglossales. 
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Botryopterts 


Stems (rhizome) 


be 


MA 


Habit; horizontal with an 
erect apex (Phillips, 1974) 


. Stele; solid protostele 


(mesarch) (Rhizomes known in 
B. antiqua, B. muctlagtnosa 
and B. forensts) 


. Metaxylem; multiseriate 


reticulate to circular 
bordered pitted 


. Secondary wood; none 


. Branching; dichotomous 


(B. mucilaginosa) and unknown 
for B. antiqua and B. forensts 


Petioles (foliar members) 


Shape of trace (upper Carboni- 
ferous) 

elliptical B. hirsuta, B. 

ramosa, B. muctlagtnosa 
C-shaped, D-shaped or (typically) 
trident-shaped B. trtdentata 


78. 


Ophtoglossales 


1. Commonly short and erect 
(Botryechium and Ophioglossun) 
or creeping (Helmtnthostachys) 


2. Ectophoic siphonostele 
(endarch and mesarch) Young 
sporeling protostelic and show- 
ing a transition stele with a 
mixed pith leading to a siphono- 
stele (Lang, 1913) 


3. Metaxylem; Subgenus Eubotryehtum 
and Ophtoglossum-reticulate to 
occasionally circular bordered 
Helmtnthostachys-tracheids with 
Circular bordered pits 


4. Secondary wood; genus 
Botrychtum (variable) 


5. Branching dichotomous in some 
species of Ophioglossum (Petry, 
1915); Lateral apices occur on 
rhizomes of Helminthostachys 
and Botrychiwn (Petry, 1915; Lang 
Lang, 1915; Gwynne-Vaughan, 

1902; after Bierhorst, 1971). 


1. Shape of trace, single (most 
commonly) and C-shaped (basal 
region of the petiole) - 
Botrychtun, Helmtnthostachys 
Subgenus Euophtoglosswn; double 
in Subgenus Ophtoderma (Gerwirtz 
and Fahn, 1960) 
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Botryopterts 


Petioles (foliar members) continued 


2. Metaxylem; elliptical, bordered 


pits predominate 


. Circinate vernation; hairy 


young tips 


. Origin of lateral (pinna) trace 


from the petiole; marginal 


. Phloem zones; adaxial and 


abaxial in B. hirsuta, B. 


ramosa, B. trtdentata 
(Phillips, 1970) 


. Shape of petiole; D-shaped 


B. ramosa, B. tridentata 


Grooved adaxial face and rounded 
abaxial face B. hirsuta, B. forensis 


. Petiole-borne fertile spike 


. Fertile spike (frond) branching; 


biseriate to quadraseriate 


9. Sclerenchyma; fibers occur within 
stele of foliar members of B. 
hirsuta and B. forensis 

Plantlets 

1. Occurrence; 

Lateral B. hirsuta 
B. ramosa 


B,. tridentata 
B. forensts 


ide 


Ophtoglossales 


2. Metaxylem; intermediate proto- 
xylem of all three genera 
circular bordered. Last formed 
metaxylem uniformly circular 
bordered in Botryehtum and 
Helminthostachys , but scalari- 
formly bordered in Ophtoglossum 
(Bierhorst, 1971) 


3. Vernation reported by Davenport 
(1878) in Botryehtum; naked and 
hairy 


4, Extramarginal to marginal 
(Nozu, 1954) 


5. Phloem zones; ectophloic (outer) 
(Ogura, 1972); Internal phloem 
observed by Chrysler (1910) in 
Botrychtum virgtnianum 


6. Shape of petiole; circular 
(Ogura, 1972) 


7. Fertile spike 


8. Fertile spike branching; 
biseriate 


9. Lack of sclerenchyma in plant 
body (Foster and Gifford, 
1974) 


1. Occurrence; 
In axils at bases of petioles 
of B. lunaria((Lang, 1913) and 
Helminthostachys (Gwynne- 
Vaughan, 1902) 


-os7i4 snd uence’ 
* Loren gaily wh 
bee? $48) . save pT 
Va lua ete ving? tre ref 
Py atts th spat Oey 
Pm BdRee tid isi ag RR 
Sa QA YG Tt baker ead tae 
oS TEE Severe 
POE: wit ee or 
bre basen : Lavy etn qt) 


fant¢ ken oF. rete 
Nees 


(sete) shaftindisa eaaym: a. 
mgaria Levis + (SGT, va 
af loren) 1 aT ay ree" Nad’ 

Sp vai! wits ae 


teh: sets ‘colahtan Ny, aes r it 
AR ai ¥ i 


= 


peers 


agit ae 


Botryopterts 


Plantlets (continued) 


2. Adaxial B. renaultt 


. Stele; solid protostele to a 


medullated protostele 


. Metaxylem; see #3-Rhizome 


. Plantlet borne on petioles; 


monophyllous or polyphyllous 
2/5 or 1/3 phyllotaxy 


Roots 


Ve 


Stele; diarch 


. Origin from stem; Endogenously, 


occasionally associated with 
petioles, but usually not and 
arising all around the stem. 
Often a profusion of roots at 
base of the plantlet 


. Root branching; endogenously 


. Roots hairless 


Foliage 


a 


Sphenopterts type 
Fleshy - B. forensts 
Thin - B. trtdentata 
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Ophtoglossales 


2. From roots Botryehtum virgintan- 
um and Ophtoglossum (McVeigh, 
' 1937) 


3. Stele; medullated protostele 
(Ophioglossum attchtson) 
Vasisht (1928) 


4, Metaxylem; see #3-Rhizome 


5. Plantlet borne on petioles; 
monophyllous or polyphyllous 
loose spiral (Vasisht, 1928) 


1. Stele; monarch to octarch 
(Ogura, 1971) 


2. Origin from stem; endogenously, 
usually one root attached to 
stem near each leaf (Foster 
and Gifford, 1974). Often a 
profusion of roots at base of 
stem of B. Zunarta (Lang, 

1913) 


3. Root branching; pseudomono- 
podially, if at all (Foster 
and Gifford, 1974) 


4. Roots hairless 


1. Botryehtum, Subgenus Sceptrtd- 
tum, large, ternately decompound 
and fleshy. 

Subgenus Eubotyehtium, sterile 
blade pinnate or palmate, 
glabrous and fleshy 

Subgenus Osmundopteris, sterile 
blade large, deltoid, much 
divided, usually thin in 
texture, and sometimes hairy, 
Helminthostachys, palmately 
pinnate 
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Botryopterts 


Foliage (continued) 


2. Venation; open dichotomous 


3. Epidermal cell walls 


e 


Straight - B. forensts 
Wwavy- B. trtdentata 


Stomatal placement 

B. forensis (Renault, 1896), 
upper surface 

B. tridentata, lower surface 


. Type of stomata 


Type-1, which also occur in 
the Marattiaceae, Osmundaceae 
and the genera, Thyrosopteris 
Culetta (Dicksoniaceae) 
(Thurston, 1967, 1970) 


Sporangia - B. forensts 
ile 


Size, up to 1.1 mm in diameter 
and 2.0 mm in length 


. Vascular bundle extending to 


the base of the sporangia 


. Well developed annuli 


. Sporangia spore count 


Iowa specimen - 1,680 
Illinois specimen - 1 ,457_- 
2,110 (Phillips, 1970) 


. Dehiscence 


Longitudinal 
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Ophtoglossales 


] 


Als 


. Ophtoglossum, subgenus Ophto- 


derma, strap-shaped 
Subgenus Zuophtoglossun, 
simple (Nozu, 1954) 


. Venation; open dichotomous or 


reticulate 


. Epidermal cell walls wavy, 


0. vulgatum 


. Stomatal placement on the 


adaxial and abaxial or just 
abaxial. 


. Type of stomata 


Type-1 (the simplest pattern 

or type, which is the result 

of a single division of a stoma 
mother cell) (Thurston, 1967, 
1970) 


Size, diameters of 0.5 mm to 
1.5 mm (Botrychium sp.) 
(Chandrasekharam, 1972) 


Vascular bundle extending to 
the base of the sporangia 


In Botryehtum the sporangial 
wall at maturity is composed of 
4 to 7 inner layers and an 
outer layer of cells with 
thickened inner and anticlinal 
walls (Bierhorst, 1971) 


. Sporangia spore count 


Botrychium 1,500 - 2,000 
(Christensen, 1967) 


. Dehiscence 


Helmtnthostachys - vertical 
Botrychtum - transverse 
(Christensen, 1967) 
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Botryopterts 


Sporangia - B. forensts continued 
6. 


Ps 


Ts 


Spore ornamentation 

B. forensts, psilate to 
densely rugulate 

(21.96 um to 51.24 um) 
Specimen 537 


Tapetum-plasmodial type 
originating from potentially 
Sporogenous cells (Galtier, 
1971) 


Distribution 


Botryopterts is known from 
localities in England, France, 
Germany, U.S.S.R., and North 
America 


oc. 


Ophtoglossales 


6. Spore ornamentation 


Pitted, pocked or tuberculate, 
i.e., verrucose, 20 um to 
50 um (McVeigh, 1935) 


. Tapetum-plasmodial type 


Tapetal organization of 
Botrychtum ternatum similar 

to Botryopteris forensts 
(Galtier, 1971). In some cases 
(Ophtoglossum fibrosum) the 
transition between the tapetum 
and the outer layer of sporo- 
genous cells is so complete 
thet 123s Gitficult: to 
delimit one from the other 
(Maheshwari and Singh, 1934) 


Helminthostachys, Asia- 
Polynesia 

Botrychtum, Arctic and 
Northern temperate zones, a 
few in the tropics and 
Antarctic 

Ophtoglossum, world wide, 
except at the poles (after 
Christensen, 1967; Clausen, 
1938) 


Pitting (circular-bordered), branching and development of the 


fertile frond, and sporangial anatomy are regarded here as being the 


significant characters of similarity between the Botryopteridaceae 


and the Ophioglossales. 


Wagner and Wagner (1976) report that approximately 20% of living 


fern genera show more or less extreme dimorphism between the sporopny]1 


and the trophophyll. 


Thus, the character of frond dimorphism alone 


is probably of little phylogenetic value, but when combined with details 
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83). 
of branching and development of the frond, it may be significant. In 
regards to sporangial anatomy, the plasmodial type of tapetum occurs 
in the Psilotales, Ophioglossales and in Equisetum (Foster and Gifford, 
1974); thus, among the extant ferns this type of tapetal organization 
appears to be restricted to the Ophioglossales. The plasmodial type of 
tapetum was suggested to occur in sporangia of Botryopteris forensts by 
Galtier (1971). Scott (1920) reported that sporangial pedicels which 
are traversed up to the base of the capsule by a vascular bundle are 
rare among recent ferns, though approached in Helminthostachys and 
Botrychtum. A vascular bundle in the base of Botryopterts forensis 
sporangia was also reported by Galtier (1971). In combination the 
three above mentioned characteristics, pitting, development and branchina 
of the fertile frond, and sporangial anatomy, appear to be unique among 
the Ophioglossales, though being characters in common between the 
Botryopteridaceae and Ophioglossales. 

The branching of the fertile frond and the shape of the vascular 
strand of the petiole of Botryopteris present the most serious object- 
jons to accepting the hypothesis of a phylogenetic relationship between 
Botryopterts and the Ophioglossales. 

This objection seems less important when one remembers that 
c-shaped strands do occur in the bases of the main laterals and in the 
more distal division of the laterals of the fertile frond of Botryopterts. 
One might suggest that the trend for the production of c-shaped traces 
has made its appearance in the Botryopteridaceae by Pennsylvanian times. 

Quadraseriate and biserate branching, a conspicuous feature of 
Botryopteris is also reflected in certain instances in the Ophioglossales. 


Nishida (1957) explained the divisions of the strand in the petiole of 
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84, 
most Ophioglossales as representing the result of two ancient 
dichotomies, which were oriented eoends cutee to each other. He 
illustrated a series of sections from a petiole, Sceptrtdium ternatum, in 
which the trace is initially c-shaped then divides to form two c-shaped 
traces, which face each other and each of which subsequently supplies a 
Separate division of the normally single, undivided sterile frond. The 
uniqueness of this specimen is that it shows a pattern of fertile frond 
strand-division identical to that at the base of the main laterals of 
the fertile frond of Botryopteris forensis. 

Another objection to accepting the proposed hypothesis is that the 
fertile spike of the Ophioglossales is commonly oriented adaxially on 
the parent petiole. Chrysler (1925) described a specimen of Botryehtum 
Lanuginosum Wall., which had a fertile spike in a position comparable 
to a sterile pinna (not in an adaxial position, but in a lateral 
position). He also described (1926) and diagrammed five methods of 
insertion of fertile spikes in abnormal specimens of Botrychtum obltquum. 
In the first method of insertion, the fertile spike forked equally part 
way up its stalk. In the second, a pair of spikes, of equal development 
arose right and left at the same level. The third, a pair of spikes 
as in the preceeding group, but an additional spike arises further up. 
The fourth method occurs when there is a normal spike with a smaller 
additional one inserted higher up; finally the fifth type, with a 
normal spike, and a pair of smaller ones inserted further up. Chrysler 
reported that the fourth type occurred more frequently than the others 
and probably includes two classes, cases where the upper (smaller) 
spike represented one pinna and where it represented two fused pinna, 


as shown by the single or double vascular supply. He further comments 
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that the strand supplying such a spike may arise from one edge of the 
c-shaped leaf trace, which is the method of trace formation in ~ 
Botryopterts, or a strand may arise from each edge of the trace. 

The occurrence of sporangia on ordinarily sterile pinnae is known 
among species of Botrychtum (Chrysler, 1926; Bower, 1923). From the 
above information, it can be stated that the fertile spike and the 
Sterile frond are homologous structures. I believe that the fertile 
spike and the sterile frond, which occur in the Ophioglossales represent 
as a whole the equivalent of a quadriseriate pair of laterals, which 
occur on the fertile axis of Botryopterts forensis. 

Based on any one similarity between Botryopterts and the Ophio- 
glossales one can not make phylogenetic conclusions. Based on the 
total number of similarities, however, I suggest that Botryopterts is 
the Paleozoic representative of an ophioglossalian line. This conclusion 
is, at best, tentative and can only be substantiated by further 


revelations from the fossil record. 
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Figs. 1 - 6 
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Transverse section of two petioles showing the left petiole 
with the typical zoned cortex of B. forensis and the right 
petiole with a more atypical "homogeneous" (non-zoned) cortex. 
Note the omega-shaped vascular strands. C.B. 552 J top #3. 
Bar/3.2 mm. ; 


"Equisetiform hairs", Renault (1896). Note the convoluted 
suture of the indicated cells. C.B. 265 G bottom #60. 
Bar/192 um. 


Transverse section of a petiole of B. forensts showing the 
zonation of the outer cortex (ioc/inner outer cortex, 
ooc/outer outer cortex). C.B. belonging to slide #2700. 
Department of Botany, University of Alberta, 

Edmonton, Alberta, Canada. 


Metaxylem of a petiole of B. forensts showing elliptical to 
circular bordered pits. C.B. 461 H top. Bar/147.2 um. 


Longitudinal section of petiole of B. forensts showing the 
zonation of the outer cortex (ioc/inner outer cortex, 
ooc/outer outer cortex). €.B. 552 C bottom #2. Bar/1188 um. 


Same as Fig. 4. 
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Figs. 7 - 12. Botryopterts forensts. 
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Transverse section of a petiole producing a plantlet trace. 
(Pt/plantlet trace). C.B. 577 F bottom #26. Bar 840 um. 


Transverse section of a plantlet (distal to Fig. 7). Note the 
change in the diameter of the plantlet stele (compare with 
Fig. 7)... C.Bayeay? Gotop #2... Bar/samevas Figue.. 


Transverse section of plantlet showing histology. 
(p/phloem, ic/inner cortex, oc/outer cortex). C.B. 577 G top 
#7. Bar/352 um. 


Transverse section of plantlet showing histology. 
(e/endodermis). C.B. 577 G top #13. Bar/160 um. 


Transverse section of plantlet showing petiole trace formation. 
Initial stage of trace formation showing elongation of xylem 
segment. C.B. 577 G top #28. Bar/1080 um. 


Transverse section of plantlet showing petiole trace formation 
(distal to Fig. 11). Petiole trace of this level is attached 
to the stem xylem at its middle adaxial region. C.B. 577 G top 
#31. Bar/same as Fig. 11. 
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Figs. 13 - 18. Botryopterts forensts. 


Fig. 13. Transverse section of plantlet showing petiole trace formation. 
The petiole trace is free from stem xylem and has developed 
non-tracheary tissue. (ntt/non-tracheary tissue). C.B. 577 G 
top #33. Bar/1320 um. 


Fig. 14. Transverse section of plantlet showing root trace formation 
(distal to Fig. 13). Note that the root trace is partially 
detached from the stem xylem. (rt/root trace). C.B. 577 G 
top #14. Bar/768 um. 


Fig. 15. Transverse section of plantlet showing a root trace with a 
single protoxylem group (px/protoxylem). C.B. 577 G top #14. 
Bar/153.6 um. 


Fig. 16. Transverse section of plantlet (distal to Figs 14, 15) showing 
a diarch root trace detached from the stem xylem and surrounded 
by its own distinct cortex... ©:B. 57/7 G top 724." bav/6/2.0 er, 


Fig. 17. Transverse section of typical B. forensis Diarch roots. 
C.B. 577 G top #13. Bar/768 um. 


Fig. 18. Longitudinal section of parent root and a transverse section 
of an attached endogenous lateral root. (endrt/endogenous 
root). C.B. 577 G top #16. Bar/600 um. 
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Figs. 19 - 26. Botryopteris forensis. 
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Transverse section of parent petiole and penultimate pinna 
rachis. Note the homogeneous appearance in the cortex of the 
latter. C.B. 328G top 783. Bar/1824 um: 


Transverse section of the penultimate pinna rachis showing the 
typical two-zoned cortex. Note the prominent adaxial ridge. 
(ppr/penultimate pinna rachis, adr/adaxial ridge). C.B. 328 

G top #10. Bar/1440 um. 


Transverse section of the penultimate pinna strand showing a 
stage in the formation of a pinnate trace. (pt/pinnate trace, 
la/left arm, ma/middle arm, ra/right arm). C.B. 328 E top #2. 
Bar 326.4 um. 


Transverse section of pinnule showing the pinnule blade. Note 
the lack of a distinct palisade layer. (pb/pinnule blade). 
C.B. 328 G toprileban/icoc.o vel. 


Transverse section Of a pinnule near its base showing the 
pinnule blade arched over the midvein and the attachment of 
the pinnule to the penultimate pinna rachis. (p/pinnule, 
ppr/penultimate pinna rachis). C.B. 273 F top #44. Bar/1680 
um. 


25. Paradermal sections of pinnules showing epidermal cells 
with straight walls. (ec/epidermal cells). C.B. 328 D #22. 
Bar/82.45 um (Fig. 24), Bar/315.25 um (Fig. 25). 


Paradermal section of pinnule showing mesophyll tissue. 
(mc/mesophyl1 cells). C.B. 328 D #17. Bar/51.4 um. 
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Figs. 27 - 32. Botryopteris forensts. 


Fig. 27. Paradermal section of a portion of a frond showing pinnules 
and the penultimate pinna rachis. Note the short round 
pinnule lobes and the long pinnule lobes. Note, also, the 
venation of the long pinnule lobe. (p/pinnule, ppr/penulti- 
mate pinna rachis). C.B. 328 #26. Bar/2184 um. 


Fig. 28. Paradermal section of a pinnule. Note venation pattern of 
the pinnule lobes. C.B. 328 D #17. Bar/960 um. 


Fig. 29. Paradermal section of an attached pinnule to the penultimate 
pinna rachis. Note the short, rounded pinnule lobe and its 
venation. (pl/pinnule lobe, p/pinnule, ppr/penultimate 
pinna rachis). C.B. 328 H #60. Bar/3240 um. 


Figs. 30 - 31. Paradermal sections of a pinnule showing the shape and 
venation of the pinnule lobes. (p/pinnule). C.B. 328 D #22 
and 24. Bar/1968 um (Fig. 30), Bar/1728 um (Fig. 31). 


Fig. 32. Paradermal section of pinnule blade showing epidermal cells. 
(ec/epidermal cells). C.B. 328 D #22. Bar/same as Fig. 24. 
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Figs. 33 - 42. Botryopterts forensis. 


Fig. 33. Transverse section of a parent petiole strand showing an early 
Stage of trace formation to the fertile axis. Note the lateral 
extension of tracheids from the middle arm. (le/lateral 
extension). C.B. 38-a G bottom #65. Bar/1080 um. 


Fig. 34. Transverse section of a parent petiole strand (distal to Fig. 
33) showing trace formation. Note the further extension of 
tracheids from the middle arm. C.B. 38-a G bottom #59. Bar/ 
same as Fig. 33. 


Fig. 35. Transverse section of a parent petiole strand (distal to Fig. 
34) showing trace formation. Note the fertile axis trace 
departed from the parent strand and the position of the small- 
er diameter trachedis. (ft/fertile axis trace, st/small 
diameter tracheids). C.B. 38-a G bottom #46. Bar/same as 
Fide i330 


Fig. 36. Transverse section of a parent petiole strand (distal to Fig. 
35) showing trace formation. Note the position of the smaller 
diameter tracheids. (st/smaller tracheids). C.B. 38-a G 
bottom #29. Bar/same as Fig. 33. 


Fig. 37. Transverse section of the fertile axis strand (distal to Fig. 
36). Note the left arm developed due to the formation of 
an adaxial extension of the non-tracheary tissue. (nnt/non- 
tracheary tissue). C.B. 38-a G bottom #1. Bar/same as Fig. 
33% 


Fig. 38. Transverse section of a fertile axis strand at a basal level, 
near its attachment point with a parent petiole. (fas/fertile 
axis strand). C.B. 335 E bottom #554. Bar/same as Fig. 33. 


Fig. 39. Transverse section of a fertile axis strand (distal to Fig. 
38). Note the development of the non-tracheary tissue. 
(nnt/non-tracheary tissue). C.B. 335 E bottom #60. Bar/600 um. 


Fig. 40. Transverse section of a fertile axis strand (distal to Fig. 
39). Note the non-tracheary tissue adaxially extended to form 
the left arm. C.B. 335 #63. Bar/same as Fig. 39. 


Fig. 41. Transverse section of a fertile axis strand. Note the 
tracheid extension from the indicated positions. (le/lateral 
extension). C.B. 335 E top #51. Bar/768 um. 


Fig. 42. Transverse section of a fertile axis strand (distal to Fig. 
41). Note the tracheid extensions. (t/trace). C.B. 335 E 
top #48. Bar/same as Fig. 41. 
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Figs. 43 - 50. Botryopteris forensts. 
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Transverse section of a fertile axis strand (distal to Fiq. 
42). Note the new lateral arms are detached from the median 
arm and the lateral traces just beginning to separate from the 
parent strand. C.B. 335 E top #40. Bar/840 um. 


Transverse section of a fertile axis strand (distal to Fig. 
43). Note the new lateral arms and the detached lateral c- 
Shaped traces. C.B. 335 E top #26. Bar/same as Fig. 43. 


Transverse section of a fertile axis strand. Note the 
attached trace and the newly developed lateral arm. (t/trace, 
la/lateral arm). C.B. 537 H top #83. Bar/same as Fig. 43. 


Transverse section of a fertile axis strand. Note the attach- 
ed c-shaped traces and the new lateral arm. (la/lateral arm, 
t/trace). C.B. 537 H bottom #74. Bar/648 um. 


Transverse section of a fertile axis strand. Note the 
incipient lateral arm. (la/lateral arm). C.B. 537 H bottom 
#31. Bar/same as Fig. 46. 


Transverse section of a fertile axis strand (distal to Fig. 
47). Note the small lateral arm. (la/lateral arm). C.B. 537 
H bottom #25. Bar/same as Fig. 46. 


Transverse section of a fertile axis. Note the fertile axis 
strand and the two lateral traces, each of which will supply 

a member of the quadraseriate pair. (fas/fertile axis strand, 
1t/lateral trace). C.B. 38-a H top #70. Bar/1140 um. 


Transverse section of a fertile axis (distal to Fig. 49) show- 
ing the traces to the basal appendages. (bat/basal appendage 
trace). C.B. 38-a H top #87. Bar/1824 um. 
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Figs. 51 - 56. Botryopterts forensts. 


Fig. 51. Transverse section of the fertile axis showing the attached 
basal appendages which branch in a biseriate manner. Note 
the quadraseriate pair of laterals is still in common cortical 
attachment with each other and the parent fertile axis. 
(ba/basal appendage). C.B. 38-a #93. Bar/1 cm. 


Fig. 52. Transverse section of the fertile axis and the quadraseriate 
pair of laterals (distal to Fig. 51). Note each member of the 
pair is separate from each other and the parent axis. The 
member on the right will be used to illustrate details of its 
branching. (fa/fertile axis, rlm/right lateral member). 

C.B. 38-a H top #100. Bar/3 mm. 


Fig. 53. Transverse section of the right lateral member (distal to Fig. 
52). The parent strand has given rise to a trace to the left 
which has divided into two and a trace to the right. Each 
trace to the right and left will supply a quadraseriate pair 
of laterals. (1t/left trace, ps/parent strand, rt/right trace). 
C.B. 38-a #100. Bar/1344 um. 


Fig. 54. Transverse section of the right lateral member (distal to Fig. 
53) showing the parent strand and the traces to the left, each 
of which has divided into two. C.B. 38-a H top #107. Bar/ 
1728 wm. 


Fig. 55. Transverse section of the right lateral member (parent axis) 
and the left quadraseriate pair (distal to Fig. 54). Note 
that one member of the left pair (lpm-2) is divided into two 
and appears to be borne by the other member (1pm-1). The 
right pair of quadraseriate laterals is still attached to the 
parent axis. (lpm-1/left pair member-1, lpm-2/left pair 
member-2, ps/parent strand, rpmt/right pair member traces). 
C.B. 38-a H top #119. Bar/2.8 mm. 


Fig. 56. Transverse section of the right lateral pair and the left 
quadraseriate pair of laterals. Oblique longitudinal section 
of the right quadraseriate pair (distal to Fig. 55). Note 
Ipm-2 is separate from Ipm-1 and also that both rpm-1 and 
rpm-2 branch in a biseriate manner. (ps/parent strand, rpm-1/ 
right pair member-1, rpm-2/right pair member-2). C.B. 38-a 
H bottom #117. Bar/3.5 mm. 
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Figs. 57 - 62. Botryopterts forensis. 
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Transverse section of an axis (a member of a quadraseriate 
pair) showing four strands (two traces to the right, one trace 
to the left and the parent strand). (l1t/left trace, ps/parent 
Strand, rt/right trace). C.B. 38-a H top #35. Bar/864 um. 


Longitudinal section of fertile sporangia from fructification 
38-a. Note .snorangia are attached to a vascularized parenchy- 


matous base.* (va/vascular tissue). C.B. 38-a H top #45. 
Bar/950 um. 


Transverse section of an axis (distal to Fig. 57) showing one 
of the right traces supplying a biseriately branched lateral 
appendage. C.B. 38-a top #21. Bar/same as Fig. 57. 


Transverse section of sterile sporangia. Note that the 
sterile sporangia have radially elongated wall cells and lack 
Spores. (ssp/sterile sporangia). C.B. 38-a H top #55. 
Bar/same as Fig. 58. : 


Transverse section of an axis (distal to Fig. 59). Note that 
the remaining right trace has divided into two and still 
within the cortex of parental axis. C.B. 38-a H top #10. 
Bar/same as Fig. 57. 


Oblique transverse section of fertile sporangia from 
fructification 38-a. Note the vascularized parenchymatous 
Sporangial base and the longitudinal line of dehiscence of the 
indicated sporangia. (va/vascular tissue, d/dehiscence zone). 
C.B. 38-a H top #45. Bar/same as Fig. 58. 
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Figs. 63 - 71. Botryopterts forensts. 


Fig. 63. Transverse section of fructification 38-a. Note the lack of 
a sterile sporangial zone in the peripheral regions of the 
fructification. (pp/parent petiole, fa/fertile axis). 

C.B. 38-a H top #45. Bar/2.8 cm. 

Figs. 64. =57 1" 


SEM photographs of spores macerated from fructification 


38-a. Note the variability of spore exine ornamentation. 
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Figs. 72 - 79. Botryopterts forensts. 


Fig. 72. Transverse section of fructification 38 F-G. (fa/fertile axis). 
C.B. -38.G topes. par/ li. 4 cm. 


Fig. 73. Transverse section of a fertile sporangia with radially 
elongated wall cells. (fsp/fertile sporangia). C.B. 38 F 
bottom #62. Bar/1080 um. 


Fig. 74. Transverse section of sterile sporangia with radially 
elongated wall cells. (ssp/sterile sporangia). C.B. 38 G 
top #3. Bar/same as Fig. 73. 


Figs. 75 - 79. SEM photographs of spores macerated from the fructific- 
ation 38 F-G. Note the variability of the spore exine 
ornamentation. (see text for full explanation). 


107%. 


A 8B 
ae 
ie 8 


ie & 
? 


ania Pe , 


r 


YY . : c : 


— 
e 
-- 


Figs. 80 - 88. Botryopterts forensts. 


Fig. 80. 


Rigs .ole 


Fig. 82. 


Oblique longitudinal section of fructification 38-b. 
(fa/fertile axis). C.B. 38-b H top #109. Bar/3.0 mm. 


Transverse section of fertile sporangia from fructification 
38-b. C.B. 38-B H top #93. Bar/888 um. 


Spore tetrad. (spt/spore tetrad). C.B. 38 H bottom #115. 
Bar/53.35 um. 


Figs. 83 - 88. SEM photographs of spores macerated from fructification 


38-B. Note the predominance of psilate spores. 


109. 


Figs. 89 - 97. Botryopterts forensts, 


Fig. 89. Transverse section of fructification 537. (fa/fertile axis, 
ssz/sterile sporangial zone). C.B. 537 H bottom #29. 
Bar/2.2, cm. 


Fig. 90. Transverse and longitudinal sections of sporangia of 
fructificationiS37= Css. .53/,H bottom 7l04> Sean 127m, 


Figs. 91 - 97. SEM photographs of macerated spores from fructification 
537. (see text pages 54-55 for details). 
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Figs. 98 - 103. Botryopterts forensis. 


Fig. 


Fig. 


Fig: 


Fig: 
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Fig. 
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100. 


101. 
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Transverse section of fructification 265. Note the sporangia, 
most of which are sterile. The region of the fructification 
with sporangia is more expanded (less compact) than regions 
which lack sporangia. Note also the quadraseriate trace 
formation pattern. (fa/fertile axis, t/trace). C.B. 265 G 
bottom #23. Bar/1.05 cm. 


Transverse section of sterile sporangia from fructification 
205; 


Transverse section of the fertile axis (distal to Fig. 98). 

Note the compactness and size of the laterals attached to the 
fertile axis. Also note the lack of sporangia. (fa/fertile 
axis, la/lateral appendage). C.B. 265 H top #10. Bar/9 mm.. 


Lateral appendage of Fig. 100. C.B. 265 H top #10. 
Bar/1128 um. 


Transverse section of fructification 335. Note the expanded 
condition of laterals and the lack of sporangia. (fa/fertile 
axis). C.B. 335 E top #48. Bar/3.0 mm. 


Sectioned axis from fructification 335 showing a vascular- 
ized parenchymatous sporangial base. Fructification 335 is 
interpreted to have shed its sporangia some time after the 
fructification was in its expanded condition. (v/vascular 
tissue, pb/parenchymatous base). C.B. 335 E top #51. 
Bar/900 um. 
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Figs. 104 - 111. Botryopterts tridentata. 


FIG: 


Fig. 


Fig. 


Fig. 
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Fig. 
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Transverse section of Botryopterts petioles, B. tridentata 

on the left and B. forensts on the right. Note the homo- 
genous outer cortex of the B. tridentata petiole and the zoned 
outer cortex of the B. forensis petiole. Also note the 
difference in the shape of the two species petiole strands. 
C.B. 552 Go topsyse Bar/2280 um: 


Metaxylem of a petiole of B. tridentata showing elliptical 
to circular bordered pits. C.B. 328 By, bottom. Gar/ii/-6 um, 


Transverse section of a petiole showing a two zoned outer 
cortex... “C.B.) 32amEs top. Bar/2964. um: 


Longitudinal section of the outer cortex of a petiole showing 
an inner zone of cells with transverse end walls and an outer 
zone of cells with oblique end walls. (ic/inner cortical 
zone, oc/outer cortical zone, ep/epidermis). C.B. 328 E, 
bottom. Bar/1080 um. 


Transverse section of a parent petiole, a lateral pinna and 
the penultimate pinna rachis. (ppr/penultimate pinna rachis). 
C.B. 311 D bottom #59. Bar/5.5 mm. 


Transverse section of a pinnule (distal to Fig. 108) which 
was attached to the penultimate pinna rachis of Fig. 108. 
C.B. 311 D bottom #114. Bar/1536 um. 


Transverse section of a petiole strand showing a stage in 
the development of a lateral pinna trace. The tracheid 
lobe will replace the tracheids "lost" to the incipient 
lateral trace (lateral arm). (la/lateral arm, tl/tracheid 
lobe, ma/median arm). C.B. 311 D bottom #26. Bar/360 um. 


Transverse section of a petiole strand (distal to Fig. 110) 
showing the lateral detached from the parent strand. At 
this stage the lateral trace has developed only two arms, 

a lateral arm and a median arm. Note the tracheid lobe just 
in the position of a new lateral arm. (pt/pinna trace, 
tl/tracheid lobe). C.B. 311 D bottom #41. Bar/576 um. 
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Figs. 112 - 117. Botryopterts tridentata. 
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Transverse section of a petiole strand showing a stage in the 
development of a plantlet trace. Note the enlarged lateral 
xylem. segment and the additional lobe. (al/additional lobe, 
lxs/lateral xylem segment). C.B. 311 D bottom #26. Bar/1080 
um. 


Transverse section of a plantlet showing histology. 
(en/endodermis, si/siphonostele, ic/inner cortex, oc/outer 
cortex). CeBl 838070 top #24. Bar/}2/2. um. 


Transverse section of a petiole strand showing a stage in 
the development of a plantlet trace (distal to Fig. 112). 
Note the more hook-shaped lateral xylem segment. C.B. 311 D 
bottom #21. Bar/1560 um. 


Longitudinal section of a plantlet showing the cortical 
zonation. Note the endogenous root. (en/endodermis, ic/inner 
cortex, oc/outer cortex). C.B. 577 D bottom # 49. Bar/2.88 
um. 


Transverse section of a plantlet siphonostele which is still 
attached to the parent petiole strand (distal to Fig. 114). 
C.B. 311 D bottom # 19. Bar/1680 um. 


Metaxylem of a plantlet showing reticulate to multiseriate- 
reticulate pitting. C.B. 577 D bottom # 31. Bar/39 um. 
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Figs. 118 - 123. Botryopterts tridentata. 
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Transverse section of a plantlet showing a stage in the 
development of a petiole trace. Note the single decurrent 
protoxylem group associated with the incipient petiole 
trace. (dpxg/decurrent protoxylem group, st/scattered 
tracheids). C.B. 380 Q bottom #25. Bar/900 um. 


Transverse section of a plantlet showing the next stage in 
the development of a petiole trace (distal to Fig. 118). 
The petiole xylem segment has elongated in the direction of 
emission. Note the lack of a leaf gap. C.B. 380 Q bottom 
#26. Bar/same as Fig. 118. 


Transverse section of a plantlet showing the petiole trace 
partially detached from the parent xylem strand (distal to 
Fig. 119). C.B. 380 Q bottom #28. Bar/768 um. 


Transverse section of the detached elliptical petiole trace 
(distal to Fig. 120). The protoxylem is located in the 
indicated region. Distal to this position, the protoxylem 
will become distributed across the adaxial face of the 
petiole trace. Note that some inner cortical cell walls 
have become distinctly dark colored. (oc/outer cortex, 
ic/inner cortex, pt/petiole trace, px/protoxylem group). 
C.B. 380 Q bottom #30. Bar/same as Fig. 120. 


Transverse section of a petiole showing the strand with the 
characteristic three arms of a Botryopteris petiole (distal 
to Fig. 121). (la/left arm, ma/middle arm, ra/right arm). 
C.B. 380 Q bottom # 36. Bar/984 um. 


Longitudinal section of a plantlet petiole showing the 
cortical zones. (ooc/outer outer cortex, ic/inner cortex). 
C.B. 311 E top l-a. Bar/1896 um. 
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Figs. 124 - 129. Botryopterts trtdentata. 
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Fig. 
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129. 


Transverse section of a plantlet petiole showing cortical 
zonation. (ooc/outer outer cortex, ioc/inner outer cortex, 
ic/inner cortex). C.B. 311 E top #10. Bar/960 um. 


Transverse section of a petiole near its attachment point 
to the plantlet showing the inner cortex and outer cortex. 
The inner cortical cells are either thin-walled and light 
colored or thicker-walled and dark colored. Note the small 
diameter of the inner cortical cells compared to the larger 
diameters of the outer cortical cells. (ic/inner cortex, 
oc/outer cortex). C.B. 577 D bottom #41. Bar/1032 um. 


Transverse section of a plantlet petiole (distal to Fig. 
125) showing the inner cortex and outer cortex. Note that 
most of the inner cortical cells are of a dark color similar 
to the outer cortical cells. The volume of the inner cortex 
has decreased at this level (compare with Fig. 125). (ic/ 
inner cortex, oc/outer cortex). C.B. 577 D bottom #49. 
Bar/same as Fig. 125. 


Transverse section of a plantlet petiole (distal to Fig. 126) 
showing the inner cortex, the zone of contact and the outer 
cortex. (cz/contact zone, ic/inner cortex, oc/outer cortex). 
C.B. 577 D bottom #56. Bar/same as Fig. 125. 


Transverse section of a plantlet showing endogenous roots. 
(enr/endogenous root). C.B. 380 Q top #24. Bar/1272 um. 


Transverse section of typical B. trtdentata roots. C.B. 311 
D bottom # 12. Bar/1026 um. 
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Figs. 130 - 136. Botryopterts tridentata. 


Fig. 


Fig. 


Fig. 


Fig. 
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134. 


Transverse section of root showing the diarch strand and the 
root cortex. Note the tangentially flattened cells in the 
inner. region of the root cortex and the more polygonal cells 
which make up the rest of the root cortex. C.B. 311 D bottom 
#12. Bar/210 um. 


Section of root showing the endogenous origin of a lateral 
root from a parent root. Note that the cortex of the lateral 
root disrupts the cortex of the parent root. (enr/endogenous 
root). ¢.B. 311 E top #13. Bar/1826 um. 


Longitudinal section of two roots showing the pseudomono- 
podial origin of a lateral root. The cortex of the lateral 
root does not disrupt the cortex of the parent root. The 
cortices of both roots appear homogeneous, continuous, and 
undisrupted. This suggests that the apex of the parent root 
divided unequally (pseudomonopodially) and the smaller member 
of that division became the apex of the lateral root. 
(pr/pseudomonopodial root). C.B. 311 D bottom # 126. 
Bar/1140 um. 


Transverse section of a root showing the triarch strand. 
This condition of the normally diarch strand indicates 
incipient lateral root origin. (p/xylem pole). C.B. 575 
H bottom #22. Bar/232.5 pum. 


Transverse section of roots showing the variation in the 
appearance of root cortices. C.B. 577 D bottom #50. 
Bar/480 um. 


Figs. 135 - 136. Metaxylem of a root showing reticulate to multi- 


seriate-reticulate pitting. C.B. 240 A; bottom #46. 
Bar/32 um. 
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Figs. 137 - 142. Botryopterts tridentata, 


Fig. 137. Longitudinal section of the parenchymatous tissue surrounding 
the vascular strand of a petiole. Note the thin-walled 
parenchyma cells and the glandular cells, which contain a 
frothy appearing brownish substance. (gc/glandular cell, 
pc/parenchyma cell). C.B. 552 C bottom #2. Bar/546 um. 


Fig. 138. Transverse section of the penultimate pinna rachis and 
pinnule lobes. Note the compressed appearance to the 
pinnule blade. (ppr/penultimate pinna rachis, pl/pinnule 
lobe). C.B. 265 E bottom #45. Bar/239 um. 


Figs. 139 - 142. Transverse section of penultimate pinna rachis 
illustrating general features and the variability in number 
and position of protoxylem connections, which occur during 
stages of pinnule trace formation. (ppr/penultimate pinna 
rachis, oxc/protoxylem connections, ep/epidermis, tc/ 
tracheid lobe). 


Fig. 139. Note the three protoxylem connections to the left lateral 
arm. C.B. 265 A bottom #86. Bar/1216 um. 


Fig. 140. Transverse section of the penultimate pinna rachis seen in 
Fig. 138. Note the nair base. C.B. 265 E bottom #45. 
Bar/same as Fig. 139. 


Fig. 141. Note the two protoxylem connections, one to each of the 
lateral arms and the tracheid lobe which will replace the 
tracheids "lost" to the pinnule trace. C.B. 265 F bottom 
#82. Bar/same as Fig. 139. 


Fig. 142. Note the two protoxylem connections, both to the one lateral 
arm. C.B. 265 E bottom #4. Bar/same as Fig. 139. 
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Figs. 143 - 148. Botryopterts tridentata. 
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Paradermal section of a pinnule attached to the penultimate 
pinna rachis. Note the pinnule lobing. (ppr/penultimate 
pinna rachis, pl/pinnule lobe). C.B. 265 D #87. Bar/3.0 mm. 


Paradermal section of a pinnule showing stomata and wavy- 
walled epidermal cells. (ep/epidermal cells, s/stomata). 
C.B. 265 C #545 Bary s2orum. 


Paradermal section of a portion of a frond showing the 
penultimate pinna rachis and two attached pinnules. Note the 
lobing of the left pinnule. (ppr/penultimate pinna rachis, 
p/pinnule). C.B. 265 C #51. Bar/4.0 mm. 


Paradermal section of a pinnule showing mesophyll cells. 
(m/mesophyll cells). C.B. 265 D #43. Bar/760 pm. 


Transverse section of a penultimate pinna rachis and the 
blade of an attached pinnule. Note the lack of compression. 
(ppr/penultimate pinna rachis, pb/pinnule blade). C.B. 265 
A bottom # 4. Bar/600 um. 


Transverse section of the pinnule blade seen in Fig. 147 
showing a substomatal chamber below a stomate. (sc/sub- 
stomatal chamber, s/stomate). C.B. 265 A bottom #16. 
Bar/134.4 um. 
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